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Abstract

Airflov measurement techniques are necessary to determine the most basic of indoor ar
quaity questions. “Is there enough fresh ar to provide a hedthy environment for the
occupants of the building?” This paper outlines arflow measurement techniques, but it
does not make recommendations for techniques that should be used. The arflows that
will be discussed are those within a room or zone, those between rooms or zones, such as
through doorways (open or closed) or passve vents, those between the building and
outdoors, and those through mechanicd ar didribution sysems. Techniques that ae
highlighted include particle stresk velocimetry, hot wire anemometry, fan pressurization
(measuring flow a a given pressure), tracer gas, acoudsic methods for lesk sSze
determination, the Deta Q test to determine duct leskage flows, and flow hood
measurements. Because tracer gas techniques are widely used to messure arflow, this
topic is broken down into sections as follows decay, pulse injection, constant injection,
constant  concentration, passve sampling, and sngle and multiple gas measurements for
multiple zones. Sdlected papers are annotated, and a bibliography is included for each
topic with full abgtracts.

This work was supported by the Assgtant Secretary for Energy Efficdency and
Renewable Energy, Building Technologies Program, U.S. Depatment of Energy under
Contract No. DE-AC03-76SF00098.
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1.0 Introduction

Ventilation rates and air movements in buildings need to be quantified and documented
to answer the most basic indoor air qudity (IAQ) question: “Is the proper amount of
outdoor ar reaching the occupants of the building to maintain acceptable indoor ar
qudity?’ Thisissueisof increasing concern as buildings become tighter and we rdly
more on mechanica ventilation systems to maintain acceptable indoor air qudity.
Another reason to quantify and document building airflows is that too much ventilation
condtitutes a needless heating and cooling energy load and insufficient distribution
system flows can reduce equipment capacity and efficiency. For example, it is estimated
that one eighth of al energy used in Organization for Economic Cooperation and
Development (OECD) countriesis consumed in resdentid and service sector buildings,
to meet the ventilation and air infiltration load (Orme, 1997).

The threat of globa warming, and the developing world's dependence on fossil fuel make
energy conservation opportunities increasingly important. To take the best advantage of
these opportunities, we must be able to make accurate measurements of airflows within a
room or zone, those between rooms or zones, those between the building and outdoors,
and those through mechanicd air distribution systems. Many techniques have been
developed to measure these different types of arflow in buildings. This pagper has divided
these techniques into five categories generdly organized asfollows: air velocity,

envelope ar legkage, tracer gas (sngle zone and multiple zone) and air distribution
System measurements.

Mogt of the papersin thisreport are listed in the A1V C database, and the AlVC database
number is used to reference each paper. The papers that are not in the A1V C database are
listed without a number. The full abstract is listed with each reference when available,

The reference section is organized by topic contained in the text, and pepers arelisted in
order of the AlV C database number. This corresponds roughly to the chronological order
by date of publishing. Papers without an AIV C database number were inserted by date of
publishing. Papers were chosen to be included in the annotation section by relevance, and
a0 by availability. Papersthat are relevant to more than one section were included in the
section of most relevance. Those that are equaly relevant to more than one section were
repeated.

2.0 Air Velocity Measurements

The most basic airflow measurement is the velocity and direction of the air flowing past a
given point in space a a given time. Although it sounds smple, this has not been an easy
thing to measure, particularly for smal flows, because ameasuring device placed in the
argtream changes the airflow dightly. This effect is magnified when multiple points are
measured close to each other. This leads to the second difficulty, which has been
measuring enough points to define the airflow patterns within aroom. Traditiona
techniques such as therma anemometers have difficulties measuring low ar velocities,
and the direction of airflow. Laser Doppler velocimetry (LDV) accurately measures low
veocity and direction, but it is expendve and difficult to set up on afull 9ze room. Also,



it can only measure one point at atime, which causes problems when there are trangent
flows or turbulence.

2.1 Particle Streak-Velocimetry

Particle streek velocimetry is areatively new technique to measure airflow patternsin
buildings. It isdill in the developmenta stages, but it has the potentid to be more useful
than traditional techniques since it is able to measure low velocities between 0 and 0.4
nVs, and give the direction of flow. Zhao et d. (#12688, 1999) describe the history of this
measurement technique in their literature review section, and aso describe their
measurement technique in a climate- controlled laboratory facility. Their application of

this technique uses halogen lamps to create a light sheet that is 65mm thick, and seed the
room with neutraly buoyant helium filled bubbles. They then use a photographic camera
to capture images, which are subsequently scanned and processed by a computer. The
shutter speed of the cameraiis adjusted so that the particles create streaks on the film as
they move through the light sheet. Thisinformation done isinsufficient to determine the
direction of the velocity vector and needs to be supplemented by transversely moving the
film aknown amount during the expasure. With this movement, a known gationary
particle can then be used to calibrate the movement of the other particles. The overal
error of thismethod is estimated at about 15%, due mostly to the mechanica shutter
speed of the camera, which can have an uncertainty of up to 10% from the setting value.
If the shutter were eectronicaly controlled, the error is estimated to be about 5% since
the exposure time is exactly the same as the setting vaue.

2.2 Hot Wire Anemometer

Hot wire anemometry has been widely used to measure air velocities in buildings. Muller
and Vogd (#7960, 1994) describe the advantages and disadvantages of this technique.
The advantages are that the equipment is much lower priced than laser-optica equipment,
it provides high resolution in time and space, and is able to measure velocity, and
turbulence intengity in time and space. On the other hand, its disadvantages are that the
probes disturb the flow field unless they are very smal, they have a cut off frequency of
about 10 kHz, and they have a spatid resolution limitation due to the wire dimenson.
The last two disadvantages are generdly not a problem in airflow measurements. These
probes become even more useful with the addition of anandog to digital converter and
computer control, which alow fluctuations in time to be recorded from one sensor and
smultaneous readings to be taken from multiple sensors.

Karimipanah and Sandberg (#9854, 1994) performed both experimental and numerical
andyss of the flow fidd in aroom to determineif ventilation of the room would cause
discomfort to the occupants. (They accepted as a premise that velocities higher than 0.15
m/s are uncomfortable to occupants.) The authors used a hot wire probe to measure
veocities for ten minutes consecutively a each measurement location, dlowing them to
compute average velocity and turbulent fluctuation in afull scale test room. They date
that their measured turbulence intensities varied from 15% to 85%, however, this does
not represent the actud turbulence intensity because hot wires are not able to measure
large fluctuations at low velocities. In a previous study, the authors found thet the
maximum measurable turbulent intengity is about 20%. The authors conclude that the



high turbulent intengity is an artifact of the low mean velodities, indicating thet a better
measuring technique is needed.

3.0 Envelope Air Leakage

Another arflow measurement of interest is how much air flows across a given boundary
or envelope such as a building shdl. The boundary could dso be a portion of a building
such asaroom or acollection of rooms called a zone. During normal building operation
wind and stack effects create pressure differences across the building envelope which
cause arr to flow through the cracks and holes in the building congtruction. Tracer ges
techniques have been devel oped to measure these flows. Astracer gas detection
equipment is expensive. other techniques have been developed to measure airflow across
a boundary such as fan pressurization, AC pressurization, infrasonic impedance, acoustic
techniques, and quantified thermography. Fan pressurization is the most widely used
technique, thus papers have been sdected describing this technique.

3.1 Whole Building Techniques

Fan pressurization is the primary method used to measure envelope leakage. The fan
pressurization method involves setting up alarge fan in an opening (usudly adoor) in the
building shell. A pressure (usudly between 20 Paand 70 Pa) is maintained across the
building shell, and the flow through the fan is measured. Sometimes asingle point test is
performed, generaly at 50 Pa, or amultiple point test is performed over arange of
induced pressures. If amultiple point test is performed, a curve of the form Q = C(DP)"
can befit where Q isthe flow through the fan and DP is the pressure difference across the
building shell. The parameters C and n are characteridtic of the particular building being
measured and are determined from the curve fit.

Often the leakage between various buildings is compared usng CFMs, the leakage
through the building shell a 50 Pascds. The information that would be more interesting

is the flow across the building shell due to the actud pressure across the shell. Thisflow

is constantly changing since the pressure across the shell varies with wind and westher
conditions. To take thisinto account, a parameter called Effective Leskage Area (ELA)
was developed, which isthe area of an orifice that provides the same flow as the building
shell when subjected to a given pressure differentia. The pressure differentia thet is
commonly used inthe U.S. is4 Pabecause it is on the order of the pressure that buildings
experience due to wind and weather conditions.

ASTM method E779 (#2889, 1995) outlines how to determine building envelope ELA
using fan pressurization. Although fan pressurization does not give a measurement of
actud ventilation during norma building operation, it isauseful test in order to compare
the leakage area of two different buildings, to asss in identifying leakage sources, and to
determine the leakage reduction from an individua retrofit. This standard discusses the
equipment, procedures and data analysis.

Sherman and Palmiter (#10107, 1993) discuss the uncertainties associated with fan
pressuri zation testing and with determining the Effective Leskage Area referenced to an
envelope pressure differentia of 4 Pafrom fan pressurization data. The cases of a one-



point test, atwo-point test, and a multi- point test are discussed. Their discussion includes
an andysis of precison errors, bias errors, and modeling errors. They conclude that the
multi-point test can be improved by taking more data at each pressure differentid,
limiting the wind effects, and carefully choosing which envelope pressure differentids

are used for the measurements.

3.2 Techniques for Multizone and Large Buildings

Bahnfleth et d. (#12566, 1999) discuss two methods used to determine leskage areain
large buildings: the floor-by-floor blower door method and the air-handler pressurization
method. The floor-by-floor method involves isolating each floor of abuilding in order to
do afan pressurization test on each floor in succession. The adjacent floors are dso
pressurized so that thereisno air leakage between floors. The sum of the leskages
measured on each floor equds the total leakage for the building. They found that the
floor-by-floor method does not work in buildings with large, inaccessble inter-floor
leakage that cannot be sedled (such as eevator shafts and mechanica chases).

The ar handler pressurization method uses the air handlers (with outdoor ar intakes) to
cregte a pressure difference across the building envelope. The building leakage can be
cd culated when the outdoor airflow is measured with tracer gas or orifice flow plates.
The ar handler method could be used in both buildings that were tested. The authors
discuss the non-uniformity of indoor-outdoor pressure difference that is found across the
building shell. There is both vertica and horizonta variation due to wind and stack
effects. In order to minimize these effects, they suggest that testing not be done if the
wind speed is greater than 9 miles per hour, or if the outdoor temperature is gregter than
95°F or lower than 41°F. They aso suggest that, in order to improve the regression
analysis, arange of envelope pressure differentias be used between 12.5 Paand 75 Pa.

3.3 Component Leakage Techniques

In diagnogtic applications, component leskage techniques are used to determine how the
leaks are digtributed throughout the building. The building can be divided into sections by
floor or by awall, and the leskage is measured separately in each section (or component).
Reardon et d. (#2628, 1987) describe a balanced fan approach for measuring component
leskage area. They give a detailed description of the technique used to determine the
leskage area between different floors of detached residentia buildings and across the
party wals of linearly attached row houses. This method is based on usng multiple

blower doors to smultaneously depressurize the test space and adjacent spaces relative to
outdoors, such that there is dways a zero pressure difference between the test space and
the adjacent spaces. This ensures that there is no leskage between the test space and
adjacent spaces. The method aso makes use of Blower Door subtraction to measure
leakage of test areas that cannot be isolated and tested directly. For instance, a house has
two floors. Because of the layout the second floor cannot be tested independently. So a
test is performed on the two floors together, and a second test is performed on the first
floor only. The second test result is subtracted from the first test result to obtain the
leskage of the second floor.



3.4 Leak Detection Methods

Pickering et d. (#2630, 1987) conducted an experiment in a plutonium facility usng
bubbles, smoke, and helium-filled balloons to visudly determine the arflow patterns.
They videotaped the experiment so they could view it later. Small pieces of tape were
added to the baloons in order to make them neutrally buoyant. They found that the
neutrally buoyant balloons were the most effective method, because they were large
enough to be easily seen and could be released without any initid momentum from any
point in the room. Releasing the balloons at different points alowed them to determine
the airflow patterns throughout the space. The problems with bubbles were that they were
too smal and too numerous to be easily seen. Also, they were rdeased with initid
momentum, which affected ther trgectory. Smoke had asmilar initid momentum
problem, as well as being irritating to the lungs of the users and clogging the exhaust
filters

Oldham et d. (#5324, 1991) conducted experiments to seeif an acoudtic technique would
work for determining the size of cracksin buildings. Their experiments were done
exclusvely in the laboratory usng awal made of sted beams. They found thet the
technique would work under these conditions, but they did not test the technique in the
field or with a conventiond wall segment. Judging by the literature after this sudy was
performed, this type of technique does not seem to be pursued in thefield of building
science, however it has been extensively used in automotive gpplications.

4.0 Air Exchange and Ventilation Effectiveness
Measurements for Simple Systems:
Single-Zone Tracer Gas Measurements

Tracer gas methods are used to determine the air movement across a boundary during
norma operating conditions. The boundary could be the building shell, azone within the
building, or aroom. Single-zone measurements determine the air exchange across the
boundary regardless of whether the air on the outside of the boundary is outdoor air, or
ar in another part of the building. Ventilation effectiveness implies exchange between
the room air and outdoor air. Certain tracer gas tests can be used to determine both
tempora and spatia ventilation effectiveness, dthough some, such asthe decay test, can
only be used to determine spatia ventilation effectiveness due to the time averaging
nature of the test.

ASTM standard E741 (2000) outlines tracer-gas test methods based on decay, constant
injection, and constant-concentration measurements. It aso describes the tracer gases that
can be used, dong with their toxicology, chemica reactivity, and ability to be detected. It
gives details about cdibrating gas analyzers and how to conduct anayses to determine
the propagation of errorsfor the tracer gastests. This paper relatesto Sections 4.1, 4.3,
4.4 and 4.7. It islisted only once in the reference section under section 4.0.

Tracer gas theory assumes that the tracer gas concentration is congtant throughout the
measured zone. Therefore, complete mixing of the air within the testing zone is very
important. Mixing fans have been used by some researchers to improve the uniformity of



tracer gas concentrations. Multiple sampling points can aso be used to verify that the
concentration is constant across the zone. The expected error of tracer gasresultsisin the
range of 5-10%.

4.1 Tracer Decay

The tracer decay test involves seeding the zone with tracer gas and mixing the zone so
that there is a uniform concentration of tracer gas within the zone, and (idedlly) no tracer
gas outside the zone. Tracer gasis not added to the zone after the start of thetest. The
flow across the boundary is determined by looking at the initid and find concentrations,
and the time period between the initid and final concentration measurements. This test
method is appropriate for medium to low air exchange rates (lessthan 6 air changes per
hour) because if the air exchange rate is too high then the tracer concentrations have to be
measured very quickly before dl the tracer gas has | eft the zone. The optima measuring
time period isthe inverse of the volumetric air changerate. If the air change rateis 6 air
changes per hour, the idedl measuring time is 10 minutes. (Heidt and Werner, #2536,
1986.)

It isimportant to note that the decay technique cannot be used for continuous
measurements of varying ventilation rates. The decay test provides an average ventilation
rate over the time period of the test because the concentrations are only measured at the
beginning and end of the test. Severa decay tests can be performed in seriesto seeif the
ventilation rate changes, but the resolution cannot be better than the time period. Errors
related to flow rate oscillations can generdly be neglected compared to other errors
(mixing errors are estimated at 12-18%), as long as the measuring timeis at least one
third the oscillation time period. If, however, temporaly unsteady ventilation isto be
investigated, then ether the constant injection or constant concentration technique must
be used.

Tamuraand Evans (#1272, 1983) show that evacuated glass tubes can be used in decay
tests to sample Sk tracer gas so that expengve gas andys's equipment does not need to
be moved to each testing location. They note that other researchers have used methods
such as flexible plagtic bottles which arefilled by squeezing multiple times or plagtic
sample bags which arefilled with a pump to collect gas samples. The ability to collect
samples and bring them back to the lab for analyss sgnificantly facilitates these tracer
gastests.

4.2 Pulse Injection

Stymne and Boman (#11930,1998) discuss the pulse injection technique, which has the
advantage over the other techniquesin that it can be used to make an instantaneous
measurement. The technique involves injecting avolume-weighted pulse of tracer gas
into the supply ar for the zone, and then making a measurement a a point some distance
away from the injection point. The local mean age of ar is caculated by dividing the first
moment of the concentration (the integra of the concentration multiplied by the time) by
the zeroth moment (the integra of the concentration.) This techniqueis dso useful for
making measurements in a multiple zone system.



4.3 Constant Injection

Heidt and Werner (#2536, 1986) describe a measurement system for decay and constant-
injection tracer gastests. They tak in detail about the measurement apparatus, which has
been designed for ease of use (e.g., automated error analyses for each measurement are
carried out usng acomputer). The authors show that the decay method is more
appropriate for measuring air exchanges of relatively tight spaces. Congtant injection is
more appropriate for leaky spaces where the gas would be quickly ventilated from the
gpace and the measuring time would have to be very short with the decay method.

Neither one of these procedures is appropriate when the ventilation rate is unsteady. This
requires the constant concentration technique.

4.4 Constant Concentration

The congtant concentration technique uses a feedback control loop to regulate the flow of
tracer gas to the zone in order to maintain a constant concentration of tracer gasin the
gpace. The tracer gas flow into the zone is directly related to the ventilation rate of the
room at agiven time. Varying ventilation rates can be measured with this method. The
disadvantage of the constant concentration method is that the equipment is more
complicated and more expensgve than the equipment required for the other tracer gas test
methods.

Kvisgaard and Collet (#3572, 1989) give a detailed description of the tracer gas
measurement equipment used for the congtant concentration tracer gastest. Although this
equipment was developed in the early 1980s, it is dill in use today. The authors aso
describe equipment measurement errors. In particular, they list dl error sources, with the
corresponding vaue of the error, and provide some examples where the total error is
computed for various Stuations. They conclude that the existing equipment is sufficiently
accurate for making tracer gas measurements, because the uncertainties associated with
the equipment (30 per mil or 3 % on the measured vaue) are on the order of those
associated with insufficient mixing of tracer gas (20 per mil) and the purity of cdibration
gases (10 per mil). They dtate that tracer gas measuring methods, when used with the
congtant concentration tracer gas method, are normally better than 5%.

Axley (#5301, 1991) explainsthat differentiad mass baance equations were used
origindly for the decay, constant injection and constant concentration techniques, but that
these eguations were matheméticaly ill-conditioned in the sense that they required very
accurate measurements of the tracer gas concentration, and were sengitive to error such as
incomplete air mixing and unsteady flow. Integra formulations of the equations have

been used successfully to improve the tracer decay and congtant injection techniques,
integrated measurements are much easier to make. The integral formulation of the mass
balance equations has not yet been applied to the constant concentration technique
because this technique does not have the same sengtivity to measurement accuracy asthe
other techniques. This paper outlines the integra formulation of the constant

concentration equations as an dternative to the current methodol ogy. Interestingly, when
the zone concentration is well controlled, the integral of the concentration becomes
negligibly small, and the integral formulation of the mass balance eguations becomes the
same as the conventiona mass baance equations. This begs the question, how much



variation is acceptable? Axley compared two tolerance limits: 1% and 2% variation
between the integra of the zone concentration and the integra of the target concentration
The new method was applied to eight sets of existing data where the actua flow was
known, and various control agorithms were investigated to seeif they would yield
accurate results when the ventilation flow experienced a sudden step change. The new
mass bal ance equations were gpplied, and were found to yield more accurate results than
the previous equations. This was partly due to the correction factor, and partly dueto the
tolerance criteria, which screened the data for time periods where the zone concentration
was not able to be accurately controlled, and therefore predicting that it was not possible
to produce accurate results during that time period.

4.5 Passive Sampling Techniques

Tracer gas concentrations are often andyzed using infrared spectroscopy equipment,
which is expensive and cumbersome to trangport to the test Site. Tracer decay and
constant injection tracer gas tests can benefit from passive capillary adsorption tube
samplers (CATS), which absorb gas at the testing Site, and then can be andyzed ina
laboratory. According to Leaderer et a. (#2278, 1985), these samplers use about 50 mg
of Ambersorb as the collection media. The tracer gas adheres to the surface of the media
during sampling, and then the tubes can be brought to alab where the gas is de-sorbed
and channded through a gas chromatograph to determine the concentration during
sampling. These passve sampling tubes are generally paired with perfluorocarbon tracer
(PFT) release tubes. PFT tubes contain a substance, which emits one of four
perfluorocarbon gasses a a constant rate. The emission rate can be maintained for 2-7
years, dthough it does vary with temperature.

Vercammen et d. (#2825, 1987) examine the effect of high air velocity (0.8 to 6.4 m/s)
and orientation at congtant temperature on PFT sampling. They found that these air
velocities do in fact cause measurement errors, over 100% relative error for air velocity
of 6.38 m/s and a sampling tube oriented at 90 degreesto the flow. However, the errors
can be minimized by using enclosures (two Szes were investigated) around the sampling
tubes or orienting the tube at 180 degrees with respect to the bulk airflow velocity vector.
They state that more work needs to be done to optimize the size and shape of the
enclosures.

4.6 Comparison of Tracer Gases

Grimsrud et . (#200, 1980) compare the results of tracer gas decay tests using three
different tracersto seeif the choice of tracer gas affects the test result. They chose sulfur
hexaflouride (SFs), methane (CHz), and nitrous oxide (N20) astracer gases. They found
thet the infiltration rate determined using SFs results was dightly higher than the rates
determined using either of the other two gases, but the difference was within the expected
error of tracer gas results (5 to 10%).

The ASTM standard E741 (2000) aso describes the tracer gases that can be used

including hydrogen, helium, carbon monoxide, carbon dioxide, sulfur hexafluoride,
nitrous oxide, ethane, methane, and halocarbons (C-318, 13B1, 12 and 116). The standard
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gives their toxicology, chemica reactivity, and ability to be detected. It does not evaduate
the gasesin terms of how they perform in tracer gas testing.

4.7 Comparison of Tracer Gas Methods

Kumar et d. (#284, 1979) compare the constant concentration and decay methods at two
fixed congtant flow conditions driven by a pressurization fan. They find that the two

tracer gas methods produce results that agree within 1.5%, and when compared to
pressurization results the error isless than 5%.

Sandberg (#2367, 1986) compares the constant concentration method with the decay
method, both theoreticaly and experimentdly. His theoretical andyss seeks to determine
how flow rate oscillations affect measurement error. He finds that errors related to flow
rate oscillations can generdly be neglected compared to other errors (mixing errors are
estimated at 12-18%) as long as the measuring time is at least one third the oscillation
time period. In the experiment, he determined that the oscillations in flow rate were high
frequency and therefore did not significantly affect the accuracy. He found good
correlation between the constant concentration method and the decay method.

Bohac et d. (#2738, 1987) compare infiltration rates determined using using PFT
samplers (constant injection method) with rates determined using constant- concentration
tracer gas measurements. Tests were performed in one unoccupied house, and in one
occupied house. They found that PFT measurements under- predicted infiltration results
dgnificantly. The under-prediction ranged between 5% and 29% during cold wegther
when the infiltration fluctuated due to weether changes and there was little occupant
aring of the house. Smulations were performed to identify and estimate the sources of
thiserror. The variation in flow rate accounted for the winter time error, however
occupant airing accounted for the largest discrepancies. It was found that springtime
occupant airing led to under-predictions of 32 to 78%.

Sutcliffe and Waters (#4866, 1990) compare the decay, step up, and pulse techniques, as
used to determine local and room mean air age. They used red and generated data to
evauate the errors associated with each technique. The generated data assumed that the
ar was fully mixed, and used arandom error generator to add error within a standard
deviation st a 1%, 2%, 5% and 10 %. They determined that the decay technique was
margindly better than the pulse and step up techniques for determining local room air

age. The decay test was found to be much easier to perform from apractica standpoint.

5.0 Tracer Gas Air Exchange Measurements for Multi-
zone Systems

The congtant concentration method can be used to study outdoor infiltration into multiple
zones by injecting enough tracer gas in each zone to keep the concentration congtant. If
the inter-zona flows are needed then it is necessary to use more than one tracer ges.
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5.1 Single-Gas Techniques

Harrje et d. (#1862, 1985) discuss the decay, and constant concentration tracer gas
methods for use in multi-zone buildings. They briefly mention the PFT congtant injection
technique, and its applicability to multi- gas multi-zone measurements. Single gas decay
and congtant concentration tests can be used to determine inter-zond flow. The authors
state that two zones are the maximum number of zones that can be studied by the decay
method, but multiple zones can be studied by the constant concentration method. They
describe gas detector cdibration details which are ill relevant today.

Roulet and Scartezzini (#2882, 1987) discuss the measurement of outside air infiltration
into various zones using a congtant- concentration tracer gas technique. This method does
not dlow determination of inter-zona flows. They have avery detailed description of the
equipment and methods that they use for these measurements. They do not estimate
errors or vaidate their method by comparison to any other method. They say that more
detailed data are needed in order to compare thelr measurements to a theoretica mode
such asthe LBL Infiltration Modd developed by Sherman and Modera

Bohac and Harrje (#2745, 1987) describe amethod for estimating inter-zond airflows
using only one tracer gas. Thistechnique isamodified verson of a congtant-
concentration technique where the concentration in a sngle zone is varied. The resulting
change in concentration gives information about how that room is connected with the
other rooms, which are maintained at constant concentration. These measurements were
compared to multiple tracer gas PFT measurements, and it was found that the infiltration
flows and the downgtairs to upstairs flow had good agreement (within 30%), but the
exfiltration flows and the upgtairs to downgtairs flow disagreed by more than 50%. The
discrepancy may be due to the fact that the injection technique measured flows for
discrete two hour periods whereas the PFT technique measured the average over the
entire period of testing. Further testing is needed to determine if the difference in these
two methods are redl.

Stymne et d. (#13079, 2000) compare five different techniques for usng a single tracer
gas to determine the mean age of air for steady flow conditions. decay, step-up, constant
injection, inlet pulse (injected into the supply air) and homogeneous pul s(injected
directly into the zones). They find that the homogeneous pul se technique produces results
that agree very well with the established tracer decay technique, and it is much easier to
perform because the evaluation of mean age of air uses atotal time integration, alowing
the use of adsorption tubes for sampling.

5.2 Active Multigas Techniques

Active tracer gas techniques are those, such as constant concentration, which require a
control feedback loop in order to run the test. The tracer concentration in azoneis
monitored, and then the appropriate amount of tracer is added to the zone in order to keep
the concentration constant. The equipment set up becomes more complicated as more
zones areincluded in the analysis.



Kvisgaard and Collet (#3123, 1988) describe genera constant concentration methods
using two tracer gasesto determine air exchange between rooms and from outdoors. They
discuss where the tracer gases should be seeded and collected, and what information can
be gained from the various configurations. They do not discuss details of theory or
measurement equipment.

Compagnon et a. (#3132, 1988) discuss their work on anew control strategy for
maintaining constant tracer gas concentration. Their method is based on a Pl control
method with some improvements. They account for the limitations of the tracer gas
injection system and anticipate the next control loop step in order to minimize the over
and under shooting that happens when a change in concentration is caled for. The control
agorithm was only tested for the single zone case. It was found that this control

agorithm works well for the single zone case, and could be extended to amultivariable
control agorithm for use in multiple zones.

5.3 Passive Multigas Techniques

Pereraet d. (#1258, 1983) describe their experimental procedure for measuring inter-
zond arflowsin an office building in detail. They used three zones, and seeded each
with a different tracer gas. After mixing, they measured the gases, and used anumerica
gradient method to solve for the inter-zond flows. They compared predicted
concentrations with those measured and found good agreement. They suggest further
vaidation of the technique in atest chamber where flows are known.

Irwin and Edwards (#3576, 1989) compare three cal culation methods for multi-zone
decay tedts. They andyze a particular st of datausing anumerical concentration gradient
method, anumericd integration technique, and an andyticd solution. They find that the
two numerica methods have problems when the data have fluctuations due to wind
effects.

6.0 Air Distribution System Measurements

6.1 Duct Leakage Flows

Francisco (#13604, 2000) compares five test methods. the duct pressurization test, the
house pressure test, supply blocked house pressure test, the hybrid test (duct
pressurization and house pressure tests), and the nulling pressure test. He compared
results from al the other tests to duct leskage that was determined by measuring the
flows out of dl the registers using a propdler flow hood and subtracting this from the
measured HVAC fan flow. | will cdl it the register flow method. Fan flow is measured
by drawing dl of the return flow through a duct blagter.

Some of these tests measure duct leskage flows directly while the air handler fanis
operating normally. Other tests, such as the pressurization test, measure the leakage a a
fixed pressure induced by an externd fan, then the operating pressure is estimated, and
the leakage flow is corrected to the actual operating conditions. There isinherent error in
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estimating the operating pressure of the system since the operating pressure is not
constant throughout the system.

He found that the house pressure test and the hybrid test measured higher leakage than
the regigter flow method whereas the pressurization test and supply blocked pressure test
measured lower leskage. The nulling pressure test agreed with the register flow method.
There was quite a bit of scatter in the data - especialy for the house pressure tests. The
house pressurization test had the least scatter. All the methods, on average, produced
results within 5% of the register flow method. However, only two tests, house
pressurization and nulling pressure test, had standard deviation of about 5% of air handler
flow. The other tests had standard deviation of 9%-11%.

Walker et a. (2001) describe the Delta Q test in detail. Thisis anewly developed tes,
which determines duct leakage flows by measuring the difference in flow through the
house envel ope when the house is maintained at a constant envel ope pressure differentia
and the HVAC fan isturned off and on. The flows are measured & a number of different
envelope pressure differentids, and then used to calculate duct leskage in the supply and
return duct systems during operating conditions. Two mgor advantages of thistest are
that: 1) it determines the leakage a operating conditions wheress tests such as duct
pressurization determine the leekage at a given pressure difference which may be quite
different from the actua pressure difference which varies throughout the system, and 2) it
does not require the sometimes difficult task of covering registers. In this paper, Waker
et d. describe how to do the test; results from severd field evauations, including a
repestability study; and provide an uncertainty anadysis.

Andrews (2000) aso provides an uncertainty analysis of the Delta Q test. He provides a
parametric andyss, usng a Monte Carlo technique to examine the error. He dso
performed field tests to evaluate the theoretical analyss. He found that the Ddlta Q test
results were not strongly affected by the inputs for the pressure of the lesksin the supply
and return plenum. He concluded that the Delta Q test is able to give useful results even
with an uncertainty of 3% for blower door measurements. He finds that the Delta Q test is
limited when the envelope leekage is large, or when the duct leskege islow.

6.2 Airflow through Ducts and Duct Networks

Tracer gas methods have severd advantages over pitot tube, vane anemometer, and hot
wire anemometer measurements for flow in duct networks. Tracer gas does not require a
long duct to develop laminar flow and does not require determination of the cross
sectiond areaor knowledge of the flow profile across the duct. It isimportant to have
good tracer gas mixing in the duct, therefore the injection site should be carefully chosen.
The sampling site must be sufficiently downstream and carefully placed in the air sream
to ensure that the sample is representative of the total concentration. Sometimesthis
requires long duct runs or mechanical mixing such as fans placed insde the duct.

Riffat and Holmes (#4835, 1990) compare three types of tracer gas measurements of

flows in ducts (congtant injection, pulse injection, and concentration decay) to pitot tube
flow measurements. (Note that the accuracy of a pitot-tube traverse strongly depends on
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duct geometry and its effects on flow patterns at the traverse plane. A more accurate
method such as an orifice would have been a better benchmark.) They find that the
congtant-injection technique correlates most closdly, and they postulate that the other
tracer gas techniques could be improved by more frequent sampling and better mixing of
the tracer gas.

Sateri (#5266, 1991) describes his procedure for making PFT measurementsin ducts. He
places the sources in various orientations and measures the uptake (the amount of tracer
gas absorbed by the tube) of each orientation over arange of flow speeds. He finds that
the uptake does not vary significantly with source orientation, but that it does vary with
flow velocity. There was a 10% to 16% increase in uptake for each 1 m/sincreasein
velocity. He therefore recommends that PFT measurements aways include a velocity
correction when used in ducts, and that more measurements are needed to determine this
correction. He concludes that active (pumped) techniques would work better in ducts than
passive techniques because it would diminate the effects due to velocity and turbulence.

Cheong and Riffat (#6005, 1992) use tracer gas measurements to determine the k-factors
(the multiplier which quantifies the change in velocity pressure across a particular duct
fitting) for various duct fittings and severd filters. These vaues were compared to k-
factorsin CIBSE and ASHRAE data as well asto k-factors calculated from pitot tube
measurements by the authors. They found that the k-factors estimated from tracer gas
measurements were Smilar to those given in the CIBSE guide, and these were lower than
those estimated from pitot tube measurements.

Cheong and Riffat (#7051, 1993) describe in detall their tracer gas sampling system for
measuring arflow in ducts. They use an active system as suggested by Sateri (#5266,
1991). Their results were very good (5% to 10% difference), agreeing with measurements
from a dtatic pitot tube traverse, however earlier papersindicate that this may not be the
best benchmark.

6.3 Airflow through Air Terminal Devices

Walker et d. (2001) tested four different flow hoods in alaboratory and 13 flow hoodsin
afidd sudy to determineif the flow hoods measure flows accurately for residentia
applications. In the laboratory, they compared the flows measured by the hoods to the
flow measured by aflow nozzle with an accuracy of +0.5%. Laboratory tests of several
resdentia flow hoods showed that many of the hoods can be inadequate to measure
flowsin resdentia systems. Potentia errors are about 20% to 30% of measured flow,
due to poor calibrations, senstivity to grille flow non-uniformities, and flow changes

from added flow resistance of the hood. A new type of hood was tested called an active
flow hood, which conssts of a conventiona flow capture hood attached to aduct and a
fan. The fan is adjusted until there is no pressure difference between the insde and
outside of the hood indicating that the fan has compensated for the increased flow
resstance of the hood. Active flow hoods are insengtive to grille airflow patterns, have
an order of magnitude less error, and are more reliable and consstent, in most cases, than
conventiona flow hoods. In the field study, the hoods were compared to the active flow
hood since this hood had the best accuracy in the laboratory tests. The field evaduation
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showed that it is possible to obtain reasonable results using some flow hoodsiif the field
tests are carefully done, the grilles are gppropriate size, and grille location does not
restrict flow hood placement.

6.4 Airflow through Fans, Heat Exchangers, and Fresh Air Inlets

Sauer and Howell (#4799, 1990) describe a procedure for measuring the volume flow rate
of ar through a hesting or cooling coil usng a vane anemometer. They show that this
procedure, which can be used for flows between 100 and 1100 ft/min (0.508 to 5.588
m/s), has an accuracy of £7%, when measured results are compared to the predicted
results. Thisisin the same accuracy range as pitot tube traverses (5% to 10%). If

accuracy is not required, the authors describe a smplified procedure (#4070, 1990) where
they omit the dengty correction and correlate the k-factor only to face velocity. This
procedure has an accuracy better than +20%. A smilar procedure is often applied to flow
measurements across regiser grills, however, it is difficult to dign the anemometer with

the direction of flow out of the grill.

Pamiter and Francisco (2000) discuss a new technology for measuring airflow through a
resdentid air handler system. The system consists of removing the HVAC filter and
inddling in its place a perforated plagtic plate, where the flow through the plate can be
determined by measuring the pressure difference between the velocity pressure and the
datic pressure at the plate. Thistechnology has been commercidized by The Energy
Consarvatory. Fied tests have been performed where the flow plate method is compared
to the temperature rise method, which isthe industry standard at thistime, dthough not
very accurate, and the Duct Blaster method, which is better than the temperature split
method but can Hill be inaccurate in certain flow geometries. These tests showed that the
flow plate method has a sandard deviation of 7% from the Duct Blaster method and a
29% standard deviation for the temperature rise method. Both the flow plate method and
the temperature rise method take about 15 minutes to perform, which is much lesstime
that the Duct Blaster method which takes 30 minutesto 1 hour to perform.
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#NO 12340 Energy I mpact of
Ventilation: Estimatesfor the Service
and Residential Sectors.

AUTHOR Orme, M.

BIBINF UK, Air Infiltration and
Ventilation Centre (AIVC), 1998,
Technica Note 49, 43 pp, 15figs, 5 tabs,
refs.

ABSTRACT Congdersair change
energy use in thirteen mgor
industridised countries, and the effect
that air change energy use has on carbon
dioxide emissons due to the use of fossl
fuds, both directly in combustion
gppliances, and indirectly as eectricity.
In order to quantify the energy impact of
ar change on totd energy use, the AIVC
has been undertaking a study of current
estimates for non-indudtrid buildings
The potentia for reduced energy use by
improved vertilation control isaso
briefly reviewed. It isfound thet air
infiltration and ventilation together
account for a significant proportion of
energy usein buildings. This report
outlines the findings from asiudy into
edtimating the full impact of air change
on building energy use. Consdering the
non-indudtrid building stock of the 13
countries collectively, the tota annua
loss of heating energy dueto air change
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is estimated to amount to 48% of
ddivered space conditioning energy
(indluding heating equipment 10sses).
Stated in terms of delivered space
heeting energy done (i.e,, excluding
gpace cooling), this rises to 53%. If the
outdoor air supply rate per occupant
were to be universaly reduced to a
minimum leve, taking into account
metabolic needs and pollutant loads,
then it is concelvable that the heating air
change energy loss could be reduced to
approximately athird of the current
level. The consequent reduction in the
total carbon dioxide emissons from the
service and residentia sectors (for all
end uses) would bein the region of 20%
per year. The results emphasise that air
change related energy losses are as
important as conduction and equipment
losses (including "flue" losses) in
dissipating ddlivered space conditioning
energy from buildings. In fact, as
national standards, regulations or codes
of practice improve the thermd integrity
of building and increase equipment
efficiency, it is expected that ventilation
and ar movement will becomethe
dominant loss mechanism.
KEYWORDS energy use, air change
rate, caculation techniques

1.1 Airflow Measurement
Techniques

#NO 66 A review of experimental
techniquesfor theinvestigation of
natural ventilation in buildings.
AUTHOR Hitchen E.R. Wilson C.B.
BIBINF Bldg. Sci. March 1967, 2, 1, 59-
82, 1 graph, 10 tabs, 91 refs. in English
ABSTRACT After discussing briefly the
principles of naturd ventilation, goeson
to describe tracer gas techniques, air
movement measurements, and various
modd techniques including andogues.



Advantages and disadvantages of each
method are indicated, and their
suitability for particular applications.
KEYWORDS air change rate, natura
ventilation, tracer gas, moddling,
insrumentation

#NO 418 Airtightness- measur ement
and measurement methods
Matningar och matmetoder for
lufttathet

AUTHOR Kronval J.

BIBINF Swedish Council for Building
Research, Stockholm 64p. 10 refs.
D8:1980 ISBN 91-540-3201-6in
English T6: ISBN 91-540-2967-8in
Swedish

ABSTRACT Describes methods of
measuring the air tightness of whole
buildings. Outlines three tracer gas
methods, constant concentration,
decreasing concentration and constant
emission. Describes pressurisation
method. Describes measuring equipment
and test procedure and discusses
caculation of ventilation rateand error
magnitudes. Gives brief summeary of
measured results and an gppendix
contains a print-out of dataon the
artightness of houses.

KEYWORDS air infiltration, tracer gas,
pressurization, ingrumentation

#NO 1536 M easurement techniques
for air change and air penetration of
residential buildings

Messmethoden zur Erfassung des

L uftwechselsund der

L uftdurchlassgkeit von Wohnbauten.
AUTHOR Muhlebach H.

BIBINF Heizung und
Luftung/Chauffage et ventilation, No 5,
1984. p20-22, 6 diags, 1 tab, 10 refs. in
German

ABSTRACT Ddfinesar change and ar
penetration. Describes the differentia
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pressure method, the infrasound method,
quditative judgement methods, and
acoustic measurement devices for
determining ar penetration. Explains
procedures to determine air change - the
rate of decay method, the constant
concentration method, and the constant
emisson method.

KEYWORDS ar change, air leakage,
pressurization, tracer gas, thermography

#NO 1862 Documenting air
movementsand infiltration in
multicell buildings using various
tracer-gas techniques.

AUTHOR Harrje D T, Dutt G S, Bohac
DL,etd.

BIBINF Preprint. ASHRAE
Transactions 1985, Vol 91, Pt 2. HI-85-
40 No 3. 15p. 11 figs, 18 refs. in English
ABSTRACT Tracer gas techniques for
meesuring arflowsin buildingsfdl into
three categories - dilution, constant
injection, and congtant concentration.
Dilution of asingle tracer workswell in
buildingswith asnglezoneand dso in
some two- zone buildings. Multiple
tracer gas measurements, necessary to
characterize flows among more zones,
are best conducted using the congtant
injection approach. The congtant
concentration method usesasngle
tracer gas to determine the airflow rates
from the outside into each of as many as
ten building zones. The paper outlines
the different tracer techniques for

meaking arflow measurementsin

multicdll buildings and describes the
operation of a constant concentration
system. This system measures tracer gas
concentration in different zones and
injects accordingly to maintain a
congtant concentration in each zone. The
system was tested in asingle zone
structure and successfully gpplied to a
gmdl| three-zone house. Sengtivity



analyses and cdibration procedures
described in this paper define the
cgpabilities and limitations of this
technique. Although this method does
not fully cheracterize dl interzone
arflowsin the building, it can be useful
in anayzing the energy baance of
multizone buildings. Additiondly, these
messurements can be used to evaluate
the dilution of indoor air pollutants and
the ventilation efficiency of buildings.
KEYWORDS multi-chamber, tracer gas,
measurement technique, decay rate,
constant concentration, constant
emisson, ar movement, ar infiltration

#NO 2216 Tracer gasesas a
ventilation tool: methodsand
instrumentation.

AUTHOR Farant JP, McKinnon D L,
McKennaT A

BIBINF Ventilation '85. (Chemicd
Engineering Monographs 24). Edited by
H D Goodfdlow. Amsterdam, Elsevier,
1986. p263-274. 4 figs, 5 tabs, 3refs. in
English AIVC bk

ABSTRACT Tracer gas techniques,
used for routine ventilation checks or
trouble shooting are outlined with
emphasis on ther gpplicability ina
variety of stuaions. Theseinclude
methods of determining volumetric flow
ratesin closed conduits and finding
ventilation rates at work stations. Other
uses of tracer gases are dso dedlt with.
Investigations have been performed on
the use of occupant generated carbon
dioxide (CO2) as an indicator of
ventilation rates. Results comparing the
smultaneous decay of CO2 and sulphur
hexafluoride (SF6) are presented
showing the former to be a potentialy
useful ventilation tool. Presently, tracer
gas sudies are limited by available
sampling and andytica equipment.
Recent developments in the technology
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used for tracer gas testing and the
research being performed on sampling
and andytica techniques are outlined.
Severd different sampling methods are
congdered ranging from passve to

pump operated bag sampling. SF6 has
received wide acceptance as atracer ges.
However, investigations have shown that
while it has mogt of the desirable tracer
gas characteridtics, it dso has some
shortcomings. The physicd, chemicd, a
and toxicologica properties of

dternative gases were reviewed for this
reason and their relative usefulness as
tracer gasesis presented.

KEYWORDS tracer gas, carbon dioxide,
sulphur hexafluoride

#NO 2277 A review of tracer gas
techniquesfor measuring airflowsin
buildings.

AUTHOR Lagus P, Persily A K
BIBINF ASHRAE Trans, 1985, Vol 91
Part 2B, H1-85-22 No 1, p1075-1087. 8
figs, 2 tabs, 38 refsin English
ABSTRACT This paper describes tracer
gas measuring techniques that have been
used to characterize ventilation and air
infiltration in buildings, with an

emphasis on recent developments and
goplicationsin large indudtrid and
commercia sructures. Fundamentals
and applications are presented for both
single and multiple tracer gas methods.
In addition to techniques suitable for
detailed characterization of building
arflows, procedures and equipment
gopropriate to surveying large numbers
of buildings are aso discussed.
[llugtrative examples of the various
measuring techniques aswell as
discusson of their advantages and
disadvantages are provided. A detailed
bibliography is dso included to facilitate
amore thorough examination of the
topics discussed.



KEYWORDS tracer gas, measurement
technique, airflow, indudtrid building,
office building, pressurisation

#NO 2682 M easur ement techniques
for ventilation and air leakage.
AUTHOR Charlesvorth P S

BIBINF 8th AlVC conference
'Ventilation Technology - Research and
Application'’, 21-24 September 1987,
Ueberlingen, West Germany,
Proceedings, AIVC 1987, p1.1-1.15, 10
refs. in English

ABSTRACT Vertildion hasa
considerable influence on both the
indoor air qudity and energy
consumption of buildings. Three
parameters can be identified which are
of key importance in the assessment of
ventilation behaviour: ar change rate,
interzond arflows, air leskage
characterigtics. This paper describes
measurement techniques which enable
these parameters to be evauated. The
list of techniques presented is not
exhaudtive and the descriptions given are
not particularly detailed. The main am
of thisreport isto illugtrate the spectrum
of techniques which are currently
available for the quantification of
ventilation and air leakage.
KEYWORDS measurement technique,
ar leskage

#NO 3094 What isventilation
efficiency?

Wasigt Luftungseffektivitat?
AUTHOR Raatschen W

BIBINF Klima Kdte Heizung, May-
August 1988, 18pp. in German
ABSTRACT Thefirg of thisthree-part
series gives a bibliography and review
about methods for mesasuring air
exchange rates of rooms, in between
rooms and of whole buildings. Included
are diverse tracer-gas methods aswell as

20

pressurization methods. Whenever
possible, the methods are illustrated by
examples. The inaufficiency of the
nomina air exchange rate to predict
exposure to contaminants is discussed.
The second part deds with the efficiency
of the air exchange in rooms. The "age
concept” and the "ar exchange
efficiency” are explained for the
gpplication with the tracer-gas decay
method. A practica example of atracer-
gas measurement is given to deepen the
theory. Thethird part explainsthe
congtant- concentration and the pulse
method and definitions to characterize
the removal of contaminants.
KEYWORDS vertilaion efficiency, ar
change rate, tracer gas, pressurization,
constant concentration

#NO 3296 | nstrumentation for the
measurement of air infiltration - an
annotated bibliography.

AUTHOR Manning S

BIBINF UK, AIC, Technical Note 4,
1981. in English

ABSTRACT An annotated bibliography
containing 89 references to papers
selected from the AIC's library and
intended to be selective rather than
comprehengive. Includes references only
to papers entirely or subgtantialy
concerned with instrumentation of
containing information about a particular
measurement technique. References are
divided into three sections according to
subject: tracer gas methods, pressure
tests, and other associated techniques
such as thermography and acoustic
detection of leakage paths.(Out of Print)
KEYWORDS measurement technique

#NO 3550 Air Infiltration
M easurement Techniques.
AUTHOR Sherman M



BIBINF in: UK, 10th Al\VVC Conference
Proceedings Volume 1, held Espoo,
Finland, 25-28 September 1989,
published February 1990, pp63-88, 38
refs. in English

ABSTRACT Tracer gas techniques have
become widely used to measure the
ventilation rates in buildings. The basic
principle involved isthat of consarvation
of mass (of tracer gas) asexpressed in
the continuity equation, by monitoring
the injection and concentration of the
tracer, one can infer the exchange of air.
Although thereis only one continuity
equation, there are many different
experimentd injection strategies and
andytica approaches. These different
techniques may result in different
edtimates of infiltration due to
uncertainties and biases of the
procedures. This report will summarize
the techniques and the relevant error
andyses. Asmore detailed information
isrequired for both energy and indoor
ar quality purposes, researcher are
turning to complex, multizone tracer
drategies. Both Single gas and multiple
gas techniques are being utilized, but
only multigas are capable of uniquely
determining the entire matrix of

arflows. This report will aso review the
current effort in multizone infiltration
measurement techniques.
KEYWORDS measurement technique,
ventilation rete

1.2 Energy Measurements

#NO 3383 Energy efficiency in
buildings: progressand promise.
AUTHOR Hirg E, Clinton J, Gdller H,
Kroner W

BIBINF USA, American Council for an
Energy Efficient Economy, 1986, 328pp.

in English
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ABSTRACT The purpose of thisbook is
twofold: to review current knowledge on
energy use and efficiency in resdentid
and commercid buildings and to suggest
important research and program topics
for future study. First reviewed are
overdl patterns of energy usein
resdentid and commercid buildings and
the dramatic changesin energy trends
after 1973. Next are discussed the
reasons for continuing research and
programs to improve energy efficiency
in buildings and note the complexity and
diversty among buildingsin their

design, congtruction, operation,
maintenance, and use. Findly,
suggestions are offered that merit
atention in both the short and long runs.
KEYWORDS energy efficiency

#NO 6579 Air tightening new houses
for improved energy efficiency what is
the potential?

AUTHOR Swinton M C, Reardon J T
BIBINF Canada, Solplan Review,
December-January 1993, pp 10-11, 1 fig.
in English

ABSTRACT Inthelast ten years,
congtruction practice has evolvedin
response to the need for reducing air
leakage through the building envelope of
houses. As aresult, new houses are
being built more artight. Recognizing
thisfact, the 1990 Nationd Building
Code (NBC) requires amechanical
ventilation system capable of producing
0.3 air changes per hour, thus providing
amechanicd means of achieving
minimum ventilation levelswhen

needed. With only afew regiond
exceptions, builders have been meeting
the intent of the mechanica ventilation
provisons of the NBC with exhaust-only
fans-typicdly kitchen and bathroom fan
combinations. Given these developments
in NBC requirements, recent trendsin



house design, and the need to achieve
energy efficient condruction, the
following questions arise: How energy
efficent is current house congtruction
with respect to overal ar change and
Can we achieve additiond energy
efficency, without compromising
minimum ventilation requirements?
KEYWORDS air tightness, energy
efficency, building envelope

1999 ASHRAE Handbook-
Applications, chapter 42. Building
Operations and M anagement:
Building Envelopes

AUTHOR ASHRAE

BIBINF American Society of Hesting,
Refrigeration, and Air-Conditioning
Engineers, Inc., 1999

SUMMARY This chapter covers
residential foundations, walls, roof and
caling assemblies, fenedtration,
wall/window interface, wall/roof
interface, thermd bridges in buildings,
and therma mass.

2001 ASHRAE Handbook -
Fundimentals, chapter 26. Load and
Energy Calculations: Ventilation and
Infilitration.

AUTHOR ASHRAE

BIBINF American Society of Hesting,
Refrigeration, and Air-Conditioning
Engineers, Inc., 2001

SUMMARY This chapter covers basic
concepts and terminology, driving
mechanisms for ventilation and
infiltration, ASHRAE standard 62,
indoor air quaity, therma loads, natura
ventilation, resdentid air leskage,
resdentid ventilation, resdentia
ventilaion requirements, sSmplified
modds of resdentid ventilation and
infiltration, non resdentid air leskage,
nonresidentia ventilation, and tracer gas
measurements.

1.3 IAQ Measurements

#NO 726 Energy conservation and
indoor air quality.

AUTHOR Hadley J.

BIBINF ASHRAE jnl. March 1981
p.35-37 7 refs. in English #AIC 363
ABSTRACT Reviewsthe topic of
indoor ar quality asit relaesto energy
efficent homes. Discusses ar pollution
from combustion, airborne particles,
formal dehyde and radon. Concludes that
indoor ar quality in existing homes and
those currently being constructed, can be
managed so as to avoid adverse effects
on the occupants.

KEYWORDS air quality, formaldehyde,
radon, review

#NO 6246 ASHRAE STANDARD 62-
89 Ventilation for acceptable |AQ.
AUTHOR Tucker G

BIBINF Indoor air qudity, ventilation
and energy conservation, 5th
International Jacques Cartier
Conference, Montreal, Canada, October
7-9, 1992, publisher: Center for Building
Studies, Concordia University, Montred,
Canada, pp 211-220. in EnglisvFrench
ABSTRACT ASHRAE Standard 62
contains design procedures and
guiddinesfor ventilation ratesin dl
indoor or enclosed spaces that people
may occupy, except where other
gpplicable standards and requirements
dictate larger amounts of ventilation than
this stlandard. Standard 62 is the basis for
ventilation requirements in many codes
for commercid, inditutiond, and
resdentid buildingsin North America
The Standard isreviewed every 5 years
or less, and updated as needed to
incorporate new information or improve
its usefulness to building designers and
code officids. This paper highlights
some of the key features of the design



procedures in Standard 62 and
summarizes the gatus of the review
process.

KEYWORDS standard, indoor air
quality, ventilation rete, ventilation
requirements

2.0 Air Velocity
Measurements

2.1 Particle streak-velocimetry

#NO 8007 Particle-streak-velocimetry
for room airflows.

AUTHOR Scholzen F, Moser A, Suter P
-Bibinf

BIBINF UK, Air Infiltration and
Ventilation Centre, 1994, "The Role of
Ventilation”, proceedings of 15th AIVC
Conference, held Buxton, UK, 27-30
September 1994, Volume 2, pp573-584.
ABSTRACT This paper presentsa
measurement technique to perform
quantitative visudization of room

arflows. Thevisudization is done by
discrete particles, namey helium-filled
soap bubbles; illuminated in aplane light
sheet generated by apoint light sourcein
combination with a special lens.

The recording is done stereoscopically
with 3 standard cameras by streak
photography. The scanned negatives are
andysed digitdly. The method isableto
give the three-dimensond ingtantaneous
veocity fidd of room ar movements,
dsoinred-scae.

KEYWORDS (airflow, measurement
technique)

#NO 8119 M easur ement of room air
currents by means of particle image
velocimetry (PIV). Messung von
Raumluftstroemungen mit der
Particle-lmage-Velocimetry (PI1V).
AUTHOR Ewert M
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BIBINF Germany, HLH, Vol 45, No 9,
1994, pp 470-472, 4figs, 2 refsin
German.

ABSTRACT Describes the measurement
of room ar currents using particleimage
velocimentry.

KEYWORDS measurement technique,
arflow

#NO 9088 High resolution particle-
imaging velocimetry for full scale
indoor airflows.

AUTHOR Cui M M, Topp C, Pedersen
S, Chrigianson L L, Adrian R J, Leovic
KW

BIBINF UK, Air Infiltration and
Ventilation Centre, 16th AIVC
Conference Implementing the results of
ventilation research , held PAlm Springs,
USA, 18 - 22 September, 1995,
Proceedings Volume 2, pp 537-550.
ABSTRACT A high resolution particle-
imaging velocimetry has been developed
and gpplied to sudy full-scale room
arflows. The sysem is designed to
study locd field quantitiesin occupied
zones (microdimete), ventilation
effectiveness, and airborne pollutant
transport in the indoor environment.
The system can be gpplied to evauate
indoor environment in typicd
commercid and resdentid settings. The
technique and instrumentation have been
gpplied successfully to study locdized
arflow patterns and particle
concentration distribution in the indoor
environment. The results of this research
can be used to assess the ventilation
effectiveness and energy efficiency in
rooms and buildings.

KEYWORDS airflow, ventilation
effectiveness, particulate

#NO 9743 Theintroduction of the
desk displacement ventilation concept:



measur ement of indoor airflows
applying the PTV technique.
AUTHOR LoomansM G L C, van
Mook JR, RuttenPG S

BIBINF Japan, proceedings of the 5th
International Conference on Air
Didribution in Rooms, Roomvent '96,
held Y okohama, Japan, 17-19 July
1996, Volume 1, pp 99-106.
ABSTRACT This paper introduces the
research at a new type of task
conditioning concept, the desk
displacement ventilation concept. The
total research comprises severa phases,
in which the messurement and
caculation of indoor arflows play a
magor role: 1. Literature research on
velocity measurement techniques. 2.
Experimentd tests of different velocity
measurement techniques, in particular
the Particle Tracking Velocimetry (PTV)
technique. 3. Measurements a a full-
scae experimentd set-up of an office-
model, equipped to operate according to
the desk displacement ventilation
concept. 4. Comparison with
Computationd Fluid
Dynamics-amulaions. After the
introduction of the new desk
displacement ventilation concept, this
paper reports on phases one and two of
thisresearch project. A theoretical
andyss of the PTV-technique showsiits
suitahility for indoor airflows. Two

PTV -experiments underline the
quantitetive and quditative possbilities.
The generation of sufficient and
consgtently neutraly buoyant soap
bubbles, which are used as tracer
particles, dill requiresatechnica
solution.

KEYWORDS displacement ventilation,
measurement technique

#NO 11512 An Experimental Study on
Chair Air Supplying
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AUTHOR LI Q, Meng G

BIBINF Sweden, Stockholm, KTH
Building Services Engineering, 1998,
proceedings of Roomvent 98: 6th
International Conference on Air
Didribution in Rooms, held

June 14-17 1998 in Stockholm, Sweden,
edited by Elisabeth Mundt and Tor-
Goran Mamsirom, Volume 1, pp 265-
270.

ABSTRACT Displacement ventilation is
acknowledged to be an efficient system
for the remova of contaminants and
excess heat from occupied zones of
rooms, this sysemisaming &
supplying clean undiluted supply-air
directly to the zone of occupation.
Airflow rate, temperature and the design
of the supply device strongly influence
the parameters that determine thermal
comfort. In the paper, one kind of
displacement ventilation sysem - achair
ar supplying sysem - isinvestigated. A
full-scale experimenta modd is
established, temperature field and
velocity field are measured at different
arflow rate, supply ar temperature with
four different chair ar outlets. PIV
(particle Image Vdocimetry) technology
is applied in measuring velocity fidd.
The PD (percentage of Dissatidfied) in
occupied zoneis evauated. The results
show that this system has a stable
temperature gradient, the vertica
temperature difference between 0.1m
(abovefloor level) and 1.1mis lower
than3 _Cinmost cases. Soa
comfortable therma environment is
given by this displacement ventilation
sysem.

KEYWORDS displacement ventilation,
arflow rae, therma comfort, full-scale
experiments, air velocity, temperature
gradient, therma comfort



#NO 12124 Indoor low speed air jet
flow: 3-dimensional particle streak
velocimetry.

AUTHOR Linden E, Todde V, Sandberg
M

BIBINF Sweden, Stockholm, KTH
Building Services Engineering, 1998,
proceedings of

Roomvent 98: 6th Internationa
Conference on Air Didtribution in
Rooms, held June 14-17 1998 in
Stockholm, Sweden, edited by Elisabeth
Mundt and Tor-Goran Mamstrom,
Volume 2, pp 569-576, 11 figs, refs.
ABSTRACT This paper presents results
from alarger project on the use of
Particle Steek Velocimetry (PSV) to
determine the air movementsin
ventilated rooms. With thismethod it is
possible to record the instantaneous
three-dimensiond veocities over alarge
area. The method has been optimised for
large fidld of views ( 10m2 whichis
required for ventilation gpplications.
With the use of samdl light partidesin
the air, we can present images of ther
tracks. Then, with the help computerised
image processing and with Stereo-
Photogrammetry analys's, we can obtain
three-dimensond veodcity. This
particular application deals with the
evauation of the indtantaneous velocities
of alow speed jet. Theisothermdl jet
flow was issued from asmdl nozzle
(diameter, d=5.0cm), in aroom of the
Sze 3.6x3.6x2.5m

(LXWxH). The test was conducted for
the supply velocity of 30cnvs,
corresponding to Reynolds number, Red
= 1075. This paper treats the results
obtained with the PSV method and
presents an andysis of the instantaneous
three-dimensond velocitiesin the jet
flow. Smoke has aso been used to
visudise the jet flow. The results show
that our whole-field method can be a
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good tool for measuring three-
dimensond veloditiesin rooms and to
visudise the indoor-climate.

The method should be improved by
finding homogeneous and light particles.
It is aso important to increase the
resolution of photographs.
KEYWORDS air velocity, full scde
experiments, measurement technique

#NO 12126 Indoor low speed air jet
flow: fibrefilm probe measurements.
AUTHOR Todde V, Linden E, Sandberg
M

BIBINF Sweden, Stockholm, KTH
Building Services Engineering, 1998,
proceedings of Roomvent 98: 6th
International Conference on Air
Didribution in Rooms, held

June 14-17 1998 in Stockholm, Sweden,
edited by Elisabeth Mundt and Tor-
Goran Mdmstrom, Volume 2, pp 585-
592, 10figs, 3 tabs, 5 refs.
ABSTRACT This paper presents results
belonging to alarger investigation on
low velocity indoor ar jets. The
experiment is undertaken in a climate
room where an isothermd air jet is
issued from the certre of one lateral
wall. Measurements are performed with
asinglefiber film probe, and with
Particle Steek Veocimetry system. With
Particle, Steak Velocimetry has been
developed athree dimensond andysis
of the indantaneous velocity field. With
the use of fiber film probe, the fluid-
dynamics of the jet flow isexplored in
terms of longitudind veocity, and
relaive turbulence intensity. This

paper treats exclusvely the results
obtained with the fiber film probe from
the measurements dong the centre-line
of thejet flow. The investigation deds
with a number of test cases of practical
vaue for designing supply to provide air



at low speed directly to the occupied
zone,

KEYWORDS arr velocity, full scae
experiments, jet, measurement technique

#NO 12688 Development of PIV
techniquesto measureairflow
patternsin ventilated air spaces.
AUTHOR Zhao L, Zhang Y, Wang X,
Riskowski G L, Christianson L L
BIBINF USA, ASHRAE Transactions,
Annua Meeting 1999, Sesttle, 9 pp, 11
figs, refs.

ABSTRACT A measurement technique
basad on particle image velocimetry
(PIV) to messure quantitetively airflow
patterns and digtribution in ventilated
arspacesis presented. Air laden with
helium filled bubbles wasilluminated by
atwo dimensond light sheet in afull
scale vertilated room. Images of bubbles
visudized in the light sheet were
recorded using a photographic camera.
Rdaivey long camera exposure time
makes it possible to record the bubble
path in the designed time period. Image
shift techniques remove the directiond
ambiguity. The photographic images
were scanned into a computer, and the
digitised images were processed
automatically using an image processing
program to extract flow field velocity
information. The configuration, working
principles, sample results, accuracy,
cgpability, and limitations of the
technique are discussed in this paper.
This measurement method is part of a
larger study of aerosol spatia
digtribution, ventilation effectiveness,
and agrid contaminant control strategies.
KEYWORDS airflow measurement
technique

2.2 Hot Wire Anemometer
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#NO 329 A review of theliteratureon
the structure of wind turbulence, with
special regard to its effect on
buildings.

AUTHOR Jones M.E.

BIBINF Build. Sci vol3 p41-50 bibliog.
in English.

ABSTRACT Gives short state-of-the-art
review of knowledge of wind turbulence.
Mentions results from field

investigations. Summarizes available
knowledge. An appendix discusses hot-
wire anemometry. Gives bibliography of
subject.

KEYWORDS wind, turbulence

#NO 488 Shelter behind two-
dimensional solid and porous fences
AUTHOR PereraM.D.A.E.S.

BIBINF 4th Colloquium on Indugtrid
Aerodynamics, Aachen 18-20 June 1980
9p. 8figs 10 refs. in English
ABSTRACT Reports measurements of
the wake flows behind solid and porous
fences, made with a pulsed wire
anemometer (PWA) and a hot-wire
anemometer (HWA). Discusses results
which show the superiority of PWA in
correctly measuring the highly turbulent
and sometimes re-circulating wake
flows. Gives empirica formulafor
profile of the velocity defect and shear
stress perturbations. Concludes that
porogity, and not the form of
congtruction of the fence, determines the
gructure of the wake flow. States that in
generd it isdifficult to say which vaue
of porogity providesthe best shelter. A
solid fence is best for protecting the near
wake zone, while afence with porogty
of 0.1 provides good shelter
characterigtics in the far wake.
KEYWORDS shelter blt, airflow

#NO 662 The measurement of rapidly
fluctuating airflows.

AUTHOR Robertson P. Cockroft J.P.



BIBINF A.l.C. Conference
"Indrumentation and measuring
techniques’. Windsor 6-8 October 1980.
5p. 5figs 2 refs. in English AIC
ABSTRACT Describes the development
of an anemometer for the measurement
of rgpidly fluctuating airflows. Describes
the B.R.E. shielded hot wire
anemometer. Discusses modifications
made to this anemometer to improve its
response by using different shidds and
moving sensor wires closer together.
Ouitlines system for processng Sgnas
from the anemometer usng amicro-
compuiter. Gives results of performance
tests. Gives smple gpplications of the
ingrument.

KEYWORDS ingrumentation,
anemometer, airflow

#NO 943 Three sensor hot wire/film
techniquefor three dimensonal mean
and turbulenceflow field

measur ement.

AUTHOR Lakshminarayana B.
BIBINF TSl quarterly vol.8 no.1
January-March 1982 p.3-30 in English
ABSTRACT Describes methods of
measuring the three-dimensond flow
field usng athree-sensor hot-wire probe,
with emphasis on the techniques
developed by the author's group at the
Pennsylvania State University. The hot-
wire equations, data processing
procedure, calibration techniques, and a
discussion of various errorsin the
measurement are included. Some typicd
data acquired by thisprobe is dso
included.

KEYWORDS probe, airflow,
measurement

#NO 2014 Calibration and Use of a
Hot-Wire Probefor Highly Turbulent
and Reversing Flows, LOCATION
Europe,
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AUTHOR Cook, N. J., Redfearn, D.,
BIBINF Building Research
Egtablishment, Grest Britain, , , Journa
of Industriad Aerodynamics, Vol.1, pp
221-231, CP 18/76, Elsevier Scientific
Publishing Company, Amgerdam in
English

ABSTRACT The cdibration and use of
ashielded dual sensor hot-wire probe,
origindly developed a McGill
University for velocity measurement in
highly turbulent and reveraing flows, is
described. The new probe permits
measurements to be madein flow
conditions which are not amenable to
conventiond hot-wire techniques. Two
conventiond hot-wire anemometers are
used to drive the probe and asmple
electronic circuit is required to decode
the signals and produce a continuous
voltage andogue of the velocity
component in one dimension.,
KEYWORDS ,indrumentation, airflow,
probe, turbulance,

#NO 3583 Buoyancy-driven airflow in
a closed half scale stairwell mode!:
velocity and temperature

measur ements.

AUTHOR Zohrabian A S,
Mokhtarzadeh Dehghan M R, Reynolds
Al

BIBINF in:UK, AIVC, 10th AIVC
Conference, held at Espoo, Finland, 25-
28 September 1989, Volume 2, February
1990, ppl67-187, 7 figs, 6 tabs, 18 refs.
in English

ABSTRACT This paper describesan
experimenta study of the buoyancy-
driven flow and the associated energy
trandfer within a closed, haf-scae
garwell modd. It provides new dataon
the velocity, temperature, volume and
meass flow rates of the ar circulaing
between the upper and lower storeys.
The results are presented for various heat



input rates from the heater, located in the
lower floor. For most of the data
presented, heat transfer to the
surrounding atmosphere takes place
through the Sde walls. However, the
case of insulated sdewalsisadso
included and the effects on the
parameters of interest are discussed. The
velocities were measured using hot-wire
anemometers of atemperature
compensated type, and the temperatures
were measured using platinum resistance
thermometers. These measurements
were supported by flow visudisation
using smoke. The paper adso provides
data on the rate of leskage through the
garwel joints, measured using a
concentration decay method.
KEYWORDS ar movement

#NO 4079 Compar atory tests of
omnidirectional and hot wire
anemometers.

AUTHOR Knobloch B, Mierzwinski S
BIBINF Norway, Odo, Norsk VVS,
proceedings Roomvent 90, paper 29, 16
pp, 7 figs, 5 refs. in English
ABSTRACT Airflowsin atwo-
dimensona supply stresm and in the
zone of secondary flows were tested by
means of a hot sphere anemometer, type
HST 1, and a hot wire anemometer, type
DISA 55P81. The following parameters
were measured: the mean velocity,
standard deviation and turbulence scales.
The discrepancies of the results were
checked for the cases when:* hot wire
anemometer was applied for both the
anemometer types* ahot sphere
anemometer was gpplied for both the
anemometer types* techniques proper
for each of the anemometer types were
used. It was found that a hot sphere
anemometer should preferably be used
to measure velocity as an eement of
therma conditions of aroom whereasin

28

those cases a hot wire anemometer is not
suitable. A hot sphere anemometer may
a0 be used to measure vel ocities of low
turbulence flows.

KEYWORDS anemometer,
instrumentation

#NO 4080 Pulsed hot wire
anemometry: an accurate method to
measur e highly turbulent flowsat low
speeds.

AUTHOR Krogstad P A

BIBINF Norway, Odo, Norsk VVS,
proceedings Roomvent 90, paper 30, 14
pp, 11 figs, 7 refs in English
ABSTRACT The operating principle of
Pulsed-Hot-Wire- Anemometry has been
described. Thistype of anemometer has
proven areliable and accurate measuring
devicefor highly turbulent and
recirculating flows. Since the
measurement principle conssts of
measuring atime of flight of a
temperature tracer, the accuracy of the
device increases as the velocity
decreases, in contrast to most other
measurement systems. Its ability to
messure velocitiesin flows where the
generd flow directionis not known a
priory and the insengtivity of the device
to changes in flow temperature and gas
composition makes it avery versdile
device. It has been demongtrated that for
measurement devices that cannot detect
changesin flow direction severe
measurement errors may occur. Being
sengtive only to the part of the velocity
vector in a predefined direction makesit
possible to map the total flow velocity
vector a apoint with alimited number
of measurements.

KEYWORDS anemometer, turbulence,
arflow

#NO 5322 Hotwir effilm anemometry
for room air motion studies.



AUTHOR Zhang J, Chrigianson L, Wu
G

BIBINF UK, AlVC 12th Conference,
"Air Movement and Ventilation Control
within Buildings', held 24-27 September
1991, Ottawa, Canada, proceedings
published September 1991, Volume 3,
pp 277-288. in English

ABSTRACT Application of hot
wireffilm anemometry in room airflows
presents difficulties because: (1) the
effect of natural convection due to the
heated wire becomes sgnificant for low
ar velocity measurements, (2) the angle
sengtivity of a hotwire becomes small a
low ar velodities, which makesiit
difficult to resolve the direction of each
veocity component. This sudy aimed at
quantifying the uncertainty of the hot
wire anemometry and examining the
angle sensitivity of ahot wirein low air
velocity measurements. Based on the
experiments, it was concluded that: (1)
the uncertainties due to natura
convection in the velocity measurements
with asingle component hot wire probe
operating at 200 Deg C wire temperature
arewithin + or -15%, + or - 5%, + or -
1% and 0.5% for velocities of 0.05~0.1
m/s, 0.1~0.15 nv/s, 0.15~0.25 m/s and
0.25~0.5 m/s, respectively, and
correction can be made based on the
visudization of the room airflow pattern
to achieve higher accuracy, (2) air
velocity components can not be
measured Smultaneoudy with multi-
component hot wire probes if the air
veocity isbeow 0.2m/s ance the angle
sengtivity of the probe will be heavily
contaminated by the noise sgnd dueto
the natural convection.

KEYWORDS anemometer, air
movement
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#NO 6006 Experimental and
numerical investigationswithin a
post-Annex 20 model.

AUTHOR Hand B, Richter E, Vogd P
BIBINF UK, Air Infiltration and
Ventilation Centre, 13th AIVC
Conference, proceedings, held Hotel
Plaza Concorde, Nice, France, 15-18
September 1992. in English
ABSTRACT A smadl test room has been
built which isfive times smdler than the
50 cdled Annex-20-room. Different
kinds of tracers have been used for
visudizing of flow patterns. Vdocities,
concentrations and mass transfer
coefficients have been measured. The
measuring instrumentation is based on
therma anemometry (hot wire probes)
and a gpecid ammonia-mass transfer
method, respectively, in order to
edimate the heat flux coefficient at the
walls. The values measured and the flow
patterns have been gpplied in order to
compare and to evaluate a computer
code developed in Dresden to smulate
three dimensiond flows. Thiscodeis
based on a finite-volume-discretization
for the trangport equations (Navier-
Stokes- with k-e-modd) solved with a
new iteration technique including amulti
grid solver.

KEYWORDS numericd moddling,
arflow, tracer gas, anemometer

#NO 6331 Near floor air movement in
an enclosure with mixing type
ventilation.

AUTHOR JnYY, OgilvieR

BIBINF Roomvent '92, Third
International Conference, Adborg,
Denmark, September 2-4 1992,
Publisher: DANVAK, Lyngby,
Denmark, Volume 3, pp 245-262. in
English

ABSTRACT The mean air velocity, and
the RMSvaue, of the reverseflow in



the zone up to 0.62 m above the floor of
a4.8m (long) x 3.8 m(wide) x 3m
(high) building were measured with a
hot-wire anemometer. The isothermal
experiment was conducted for 35 inlet
conditionsin afull-scale dot-ventilated
room. The vertica distributions of
average time-mean velocity, RMS value,
and turbulence intendity are shown at
five horizonta postions aong the flow
direction at the floor. The mean velocity
digtributions a the mid floor region
showed a smilar form and gpproximated
ajet profile. At the corners, the main
rotary flow was deflected and the smdl
recirculaion flows were formed, causng
high flow turbulence. Andysis of
variance indicated that the same
ventilation rates, ariang from different
combinations of inlet opening height and
incoming ar velocity, resulted in
sgnificantly different velocitiesin the
measurement zone. The reverse flow
velocities were not a function of
ventilation flow rate done.
KEYWORDS floor, air movement,
mixing ventilation, anemometer

#NO 7018 The effect of VariousInlet
Conditions on the Flow Pattern in
Ventilated Rooms- M easurements
and Computations.

AUTHOR Vogd P, Richter E, Roder M
BIBINF UK, Air Infiltration and
Ventilation Centre, 14th AIVC
Conference, "Energy Impact of
Vettilation and Air Infiltration”, hed
Copenhagen, Denmark, 21-23

September 1993, proceedings, pp99-108.

in English

ABSTRACT A test room which was
built at a scde 1.5 to the origind one has
been used to investigate air-conditioned
rooms. The origina room was specified
by the internationa project IEA ANNEX
20. A lot of experiments were made on

different inlet geometries and air change
rates. Ve ocities and turbulent quantities
were messured not only in theinlet plan
but aso in the room itsdf by means of
hot wire anemometry. The anmonia
absorption method according to
Kruckels has been applied to determine
the heat transfer coefficients at the walls.
Qudlitative results were obtained by
laser light sheets. The experimenta
results serving as boundary conditions
and relative vaues for numerica studies
are used to progress the computer code
ResCUE developed in Dresden. Further
on, the experimentd data provide
Statements on conditions in the occupied
zone.

KEYWORDS airr inlets, air change rate

#NO 7960 M ethods for investigating
indoor air conditions of ventilated
rooms.

AUTHOR Muéller H, Vogd P

BIBINF UK, Air Infiltration and
Ventilation Centre, 1994, "The Role of
Ventilation", proceedings of 15th AIVC
Conference, held Buxton, UK, 27-30
September 1994, Volume 1, pp101-108.
ABSTRACT The acquigtion of
temperatures and velocitiesis a
permanent recurrent task for the
investigation of arflow in ventilated
rooms. On the one hand it isimportant to
measure the temperature and velocity
field with ahigh spatid resolution. On
the other hand, in generd, varying
outdoor conditions prevent from
reaching a seady state and a additional
demand congistsin short measuring
times. Sometimes, the obtained
measuring results are used both to
supply appropriate boundary conditions
for numericad computations and to verify
the CFD-codes used. Therefore, the
processing of received data has further
importance. In this paper the advantages



and limitations of thermography, the
usage of thermocouples and hot wire
anemometry for temperature and
velocity measurement isdiscussed. It is
shown how the gpplication of modern
system components and data post
processing in connection with these
methods can satisfy better the dready
mentioned requirement.
KEYWORDS temperature,
measurement technique, thermography

#NO 9854 M aximum velocity of
return flow closeto thefloor in a
ventilated room - experimental and
numerical results.

AUTHOR Karimpanah M T, Sandberg
M

BIBINF UK, Air Infiltration and
Ventilation Centre (AIVC), 1996,
proceedings of 17th AIVC Conference,
"Optimum Ventilation and Airflow
Contral in Buildings', Volume 1, held
17-20 September 1996, Gothenburg,
Sweden, pp 263-271.

ABSTRACT The problem of sensation
of draught in ventilated spacesis
connected to ingppropriate velocitiesin
the occupied zone. In Scandinavia,
velocities higher than 0.15 m/s are said
to be an indicator of that occupants are
likely to fed discomfort. Therefore
knowledge of the flow field (both mean
velocities and fluctuations) is necessary.
Both experimental and numerica
andysis of theflow fidd in afull scde
room ventilated by adot inlet, with two
inlet Reynolds numbers 2440 and 7110,
have been carried out. Results from both
approaches show that the location of the
maximum velocity near the floor is
nearly independent of the Reynolds
number. For atwo-dimensiond room,
the maximum velocity at the floor leve
occurred a about 2/3 room length from
the supply. The distance from the floor
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level is dependent on the inlet Reynolds
number. The velocity profilesfar awvay
from the wall opposite to the inlet device
have the same character asawall jet
profile. However, close to the corners
they are transformed. The relative
turbulence intensities measured in the
return flow region are questionable,
because of a hot wire€sinability to record
large fluctuations a low mean velocities.
These turbulence intengties close to
floor level vary from 15 to 80% and as
the authors have pointed out previoudy
hot wires do not indicate the red value
of the turbulence intengties beyond
20%. Difficulties gppear in numerica
predictions of return flow properties.
Comparison between predicted vaues
and experimentally obtained values
show areasonable agreement. Thisis
promising for future CFD-predictions.
However, thereisaneed for an
appropriate measurement technique that
can cope with reveraing flow.
KEYWORDS airflow, draughts, human
comfort, measurement technique

3.0 Envelope Air Tightness
3.1 Whole Building Techniques

#NO 185 Testing of housesfor air-
leakage using a pressure method.
AUTHOR Kronvdl J.

BIBINF ASHRAE trans. vol 84 no1p
72-79 5figs, 13 refs. in English
ABSTRACT Describes pressure method
for testing whole houses for air leskage.
States main advantages compared to
tracer gas technique are that equipment
isinexpensive, easy to handle and so
well adapted to routine tests. The house
is pressurized using a powerful fan and
the flow through the fan is equivaent to
the leskage through the building



envelope a given pressure. Summarizes
messurements made on test houses and
shows use of thermography to detect
leaks. Suggests use of pressure test to
edimate the naturd ventilation of a
house. Gives brief extract from new
directions for ar-tightness of houses
according to the Swedish building code
(SBN 1975).

KEYWORDS fan, pressurization, air
infiltration, air leakage, thermography,
insrumentation, house, building code

#NO 260 Infiltration - pressurization
correlations: detailed measurements
on a California house.

AUTHOR Grimsrud D.T. Sherman M.H.
Diamond R.C. etd.

BIBINF ASHRAE trans. vol.85 no.1
p.851-865, 7 figs, 1 tab, 5refs, in
English

ABSTRACT Describes detailed study of
infiltration rates measured with a tracer
gas and air leskage rates obtained from
fan pressurization in smal, 3 - bedroom
Cdiforniahouse as part of alarger
study. Finds surface pressure
Mmeasurements are an essentia sep in
process of finding a correlation between
natura ar infiltration and air leskage by
pressurization. Measurements aso show
ggnificant duct leskage and airflow
between attic, living space and crawl
gpace. Concludes by ligting additiona
work to be done beforeiit is possible to
model adequatdly infiltration processes
in house under invedtigation.
KEYWORDS fan, tracer gas, ar change
rate, ar infiltration, pressure

digribution, nitrous oxide, house,
pressurization correlation

#NO 463 Air leakage measur ement of
buildings by an infrasonic method
AUTHOR Card W.H. Sdlman A.
Graham R.W. Drucker E.E.

BIBINF Dept of Electrica and
Computer Engineering, Syracuse
Univergity technica report TR-78-1
110p. 28 refs. in English

ABSTRACT Describes an infrasonic
method as an dternative to blower
method for measuring the composite
effective 9ze of dl the air-leskage
passages of a building. Snusoidally-
varying volumetric flows between 0.05
and 5Hz are generated by a motor-driven
bellows-like source located inside the
building under test. Resulting pressure
variations are measured usng a
microphone-like sensor having an
electronic signal processor. Reports
system design and test results obtained
to date. One house, five gpartment and
three interior rooms have been tested.
Finds results of infrasonic tests usualy
agree with results of blower testswithin
afactor of three.

KEYWORDS dternating pressure,
pressurization, air leskage.

#NO 479 Air leakagein a building at
low pressuresusing an alternating
pressur e sour ce.

AUTHOR Grimsrud D.T., Sherman
M.H., Sonderegger R.C.

BIBINF Proceedings X X| International
Congress for Building Services
Engineering 17-18 April 1980 in English
ABSTRACT Reports low-pressure
measurements of the leakage function of
abuilding usng an dternaing (AC)
pressure source with variable frequency
and displacement. Synchronous
detection of the indoor pressure sgna
creeted by the source diminatesthe
noise due to fluctuations caused by the
wind. Finds good agreement between
AC and DC leakage results in pressure
regions where the results can be
compared. The low-pressure values
made with the AC source suggest that



the arflow is dominated by orifice flow
effects down to pressures less than one
Pascal.

KEYWORDS pressurization, dternating
pressure, ar infiltration

#NO 501 I nfrasonic impedance
measur ement of buildingsfor air
leakage deter mination.

AUTHOR Graham RW.

BIBINF Dept. of Electricd and
Computer Engineering, Syracuse
Univergity. Technical report TR-77-15
54p 9 refs. in English AICR US8
ABSTRACT Reports prliminary
research directed towards developing a
new method for measuring the ar
leakage property of an enclosure. The
low-frequency acoustic impedance of the
enclosure is measured by an infrasonic
method. Describes and andlyses a
digphragm-type motor-driven source and
a pressure sensor with eectronic filters
used to measure infrasonic impedance.<
Reports tests run in enclosures of
different volumes and degrees of
leekiness. Compares results with blower
tests and finds disagreement of lessthan
10% for smal enclosures, but for larger
enclosures results differed by more than
afactor of three.

KEYWORDS air leakage, dternating
pressure.

NOTES See Card &t. d. "Air leskage
measurement of buildings by an
infrasonic method" abstract no 463 for a
find report on this project

#NO 659 Development of an acoustic
method for the determination of the
air leakage of building elements
ingtalled in a building.

Entwicklung einer akustichen
Messmethod zur ermittlung der

L uftdurchlassigkeit von

Bauelementen in eingebauten
Zugand.

AUTHOR Esdorn D.E.

BIBINF Kurzber. Bauforsch. vol.19 no.7
1978 p.521-527 3figs. 1 tab. in German
#AIC 314=AIC Trandation No.11
ABSTRACT The conduction of sound
through the gap between window and
wall depends on the width of the gap.
Thiswidth also determinesthe air
leakage, suggesting thet air leskage
might be measured by an acoustic
method. Notes method requires that
cracks are relaively large and have
fewer than three kinks. Reports
measurementsin awind tunndl of
arflow through crack models made from
auminum and compares resultswith
theory. Finds empirical expresson
relating pressure difference to airflow
and gives graphs of reaults.
KEYWORDS window, joint, air
leakage, sound

#NO 831 Standard practice for
measuring air leakage by thefan
pressurization method.

AUTHOR ASTM

BIBINF In:Annua Book of ASTM
Standards, part 18, July 1981, p.1-10.in
English

ABSTRACT This practice represents a
standardized technique for measuring ar
leskage rates through a building
envelope under controlled pressurization
or evacuation, and is gpplicable to smdll
temperature differentials and low~wind
pressure conditions. It is primarily
intended for use in one- story buildings
KEYWORDS fan, air leakage,
pressurization, low rise building

#NO 1016 A review of possible
techniquesto measure ventilation in
occupied spaces.



AUTHOR Sinclair V.J. CroomeD.J. O
Cathain C.S.

BIBINF School of Architecture and
Building Enginering Report, University
of Bath April 1982 57pp. 3 tabs. in
English

ABSTRACT Reviews current methods
of ventilation measurement in occupied
buildings including tracer methods,
pressurisation, and thermography. Gives
criteriafor good ventilation rate
measuremernt techniques. Also explores
new methods of mesasuring ventilation
rates in occupied buildings. These
include< 1. Use of non-toxic tracers,
including negative ions, CO2 and odour
levels< 2. AC pressurisation< 3. The
quantification of thermography< 4.
Smdll-scale detection of locd air
veocities usng hot-wire anemometry.
KEYWORDS measurement technique,
tracer gas, pressurization, anemometer,

thermography

#NO 1340 Calculating infiltration -
implicationsfor a construction quality
gandard.

AUTHOR Grimsrud D.T. Sherman M.H.
Sonderegger R.C.

BIBINF Proc. ASHRAE/DOE
Conference "Thermd performance of

the exterior envelope of the building 11"
Dec 6-9 1982 USA p.422-450 9 tabs. 5
figs 30 refs. in English

ABSTRACT Describes a smple method
to caculate the leakage area of a house
regardless of design or weether
conditions. The leskage areaisused in
the LBL infiltration model to caculate
infiltration for any weather condition.
This method, which usesfan
pressurization to measure leskage area
has been used in a survey of over 300
houses located through out North
America Presents the results of that
survey and suggests that the present

cgpability in ar infiltration modeling
offers an excellent framework for an air
leakage standard for residentia
buildings. Examples of the interpretation
of such a standard are described, based
on the ventilation rates adopted in
ASHRAE Standard 62-1981. The results
of the interpretationsillugtrate
differences in structurd requirements
that will occur when such astandard is
applied to severd ventilation system
designs.

KEYWORDS air infiltration, modelling,
pressurization correlation, air leakage

#NO 1355 Airflow calibration of
building pressurization devices.
AUTHOR Persly A K.

BIBINF Preprint ASTM Symposium on
measured air leakage performance of
buildings Philadelphia USA April 2-3
1984 = NBSIR 84-2849 30pp. 7 figs. 4
tabs. 23 refs. and 5th AIC Conference
"The implementation and effectiveness

of ar infiltration Sandards in buildings
Reno, Nevada, 1-40ctober 1984,
pp21.1-21.18 in English

ABSTRACT Describesacdibration
technique to relate the airflow rate
through a blower door to the fan speed
and pressure difference across the door.
To obtain an accurate and well-
documented cdibration of pressurization
devices, afacility was designed and
congtructed at the US National Bureau of
Standards. This accurately determines
the flow rate through thefan as a
function of fan gpeed, ar density and
pressure difference across the fan.
Describes the cdlibration facility,
presents the results of the calibration of
one blower door, and discusses the effect
of theform of the cdibration equation

on the accuracy of the airflow rate
determination.



KEYWORDS fan, blower door,
pressurization, arflow

#NO 1398 Natural and mechanical
ventilation in tight Swedish homes-
measur ements and modeling.
AUTHOR Blomgerberg A. Lundin L.
BIBINF Preprint ASTM Symposum on
measured air leakage performance of
buildings Philadelphia USA April 2-3
1984 22pp. in English

ABSTRACT Evauaesresultsfrom
constant concentration tracer gas
measurements and fan pressurization
measurements in three houses and
predicts ventilation rates for longer time
periods usng the LBL model. Test
results show that the best way of both
supplying adequate ventilation and
conserving energy isto make sure that
the building envelope is sufficiently tight
and then ingtall amechanicd ventilation
system. Showsthat it is possble to
correlate fan pressurization
mesasurements and infiltration rates.
KEYWORDS pressurization correlation,
tracer gas, constant concentration, house,
modding, ar infiltration

#NO 1853 Accuracy in pressurization
data analysis.

AUTHOR Persly A K, Grot R A
BIBINF Preprint. ASHRAE
Transactions, 1985, Vol 91, Pt 2. 14p. 5
tabs, 18 refs. in English

ABSTRACT Severd different ratings of
building airtightness are used to report
the results of fan pressurization tedts.
These are generdly based on airflow
rates at specific reference pressures,
predicted by curvefitsto the test data.
The statisticd anadlyss used to obtain
these curves dlows estimates of the
uncertainties associated with these
cdculated artightnessratings. The
accuracy of the various ratings of

building airtightness are important issues
in artightness standards enforcement
and the evaluation of retrofit
effectiveness. The various airtightness
ratings being used are presented and the
uncertainties associated with these
ratings due to measurement errors, fan
cdibration and test conditions are
discussed. Standard Satistical techniques
are gpplied to caculate confidence limits
for the predicted airflow rates used in the
artightness ratings. Using datafrom
many pressurizetion tests, severa
common airtightness ratings are
caculated and the predictive
uncertainties associated with each are
determined. Thisdiscusson isbased on
adata set of pressurization test resultsin
about seventy houses of different sizes,
condruction, and airtightness, dong with
detailed measurements made on asingle
house. The results of this andyss have
implications for the reporting of
pressurization test results, for their usein
modesto predict naturd infiltration
rates, and in the enforcement of
artightness standards.

KEYWORDS pressurization, air
tightness, measurement technique

#NO 1872 AC pressurization: a
technique for measuring leakage area
in resdential buildings.

AUTHOR ModeraM P, Sherman M H
BIBINF Preprint. ASHRAE
Transactions 1985, Vol 91 Pt 2. HI-85-
03 No 3. 12p. 4figs, 2 tabs, 20 refs. in
English

ABSTRACT Thisreport presents anew
technique for measuring the leekage area
of resdentid buildings. This technique,
caled AC pressurization, is desgned to
overcome mogt of the shortcomings of
fan pressurization, the conventiond
technique for measuring leskage area.
The fan pressurization technique (often



performed using a blower door) has
severd known deficiencies: 1, the
pressures it exerts on the building
envelope are Sgnificantly higher than
those experienced under natura
conditions, thereby requiring
extrapolation outside of the
measurement range to caculate the
leaskage area, 2, it cannot make red-time
leakage area measurements, and 3, the
large volumes of air displaced by the fan
can cause inconveniences such aslarge
indoor temperature changes. AC
pressurization, which induces snusoidd
pressure differences across the building
envelope, can make redl-time leskage
measurements at low pressures without
inducing large flows through the

building envelope. The AC
pressurization apparatus and andytica
technique, as wdl asthe laboratory
measurements that determined the
gpecifications for the field device are
described herein. Fidld measurements of
leakage area obtained with the prototype
AC pressurization device are compared
with those obtained by fan pressurization
tests of 9x dangle family residences.
KEYWORDS dternating pressure,
measurement technique

#NO 1873 Fan pressurization of
buildings: standards, calibration, and
field experience.

AUTHOR Gadsby K J, HarrjeD T
BIBINF Preprint. ASHRAE
Transactions 1985, Vol 91 Pt 2. HI-85-
03 No 1. 10p. 6figs, 1tab, 24 refs. in
English

ABSTRACT Thefan pressurization
method has been widely used by groups
working with building retrofits and with
new condruction to evaluate the air
tightness of building envelopes. To
ensure uniformity in the testing method
ASTM Standard E779-81 was

developed. This standard is reviewed
with commentary on practical aspects of
its gpplication. Cdibration of the fan
pressurizetion systems, often referred to
as blower doors, is also discussed,
pointing out where cdibration
difficulties have arisen and the
implications on field inspections. Use of
fan pressurization together with infrared
scanning is one of the best methods to
pin-point ar leskage sitesin building
envelopes. The gpplications of such
methods in avariety of buildings are
discussed in order to demonstrate the
utility of the methodsin the evduation
of building tightness, including seasond
variations, effectiveness of envelope
seding, and the location of problem
areas in the building envelope.
KEYWORDS pressurization,
measurement technique, standard

#NO 1952 The prediction of air
infiltration.

AUTHOR Sherman M, Dickinson B
BIBINF Proceedings of the CLIMA
2000 World Congress on Hesting,
Ventilating and Air-Conditioning,
Copenhagen, 25-30 August 1985. Edited
by P Fanger. Val 2. Building Design and
Performance. p1-6. 2 tabs, 3 refs. in
English

ABSTRACT Describes areasonably
accurate method for estimating air
infiltration for engineers or energy
auditorswho are not specialy trained in
infiltration research. The method
requires two steps. field measurement of
the building properties, and caculation
of theinfiltration from weether dataand
the measured properties. Fan
pressurization techniques are described
and how to use them to measure the air
tightness of the building envelope, and
the procedures required to make
infiltration predictions with the



Lawrence Berkeley Laboratory
infiltration modd.

KEYWORDS measurement technique,
mathematicad modding, prediction, air
infiltration

#NO 2409 M easuring air leakage.
AUTHOR Uglow C

BIBINF Building Services, Vol 8, No 2,
February 1986, p59, 2 figs, 6 refs. in
English

ABSTRACT Describesasmplefan
pressurisation technique being used at
BRE to study the air leskage
characterigtics of dwellings.
KEYWORDS pressurization technique,
ar leskage, resdentia building

#NO 2640 L ow frequency

measur ement of leakage in enclosures.

AUTHOR Sherman M, ModeraM
BIBINF LBL, Applied Science Div,
Universty of Cdifornia, March 1986,
10p, 2 figs, 10 refs. in English
ABSTRACT A wide variety of enclosed
structures either require or cannot
entirely prevent leekage from their
interior pace to the outsde. Exigting
methods for measuring such leskage
have important disadvantages. We have
developed a device and technique that
permits leskage areas to be measured
from within or without the enclosure
without causing unacceptable
disturbance. The apparatus uses low-
frequency (1 Hz) acoustic monopoles to
generate an internd pressure sgnd
which isthen andyzed synchronoudy to
provide a measurement of leskage area
We have successfully gpplied this
technique to measuring air tightnessin
residentia houses, and believe it can be
eadly adapted for usein fied,
laboratory, or classroom applications.
We are currently evaduating why the
vaues we obtained were, on average,
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14% lower than those obtained through
conventional methods and we are
investigating the gpparent inability of the
device, as presently designed, to
measure large legks.

KEYWORDS air leakage, measurement
technique, sound, leskage area

#NO 2889 Standard test method for
determining air leakagerate by fan
pressurization.

AUTHOR ASTM

BIBINF ASTM Designation E779-99,
6p, 3figs in English

ABSTRACT This test method describes
astandardised technique for messuring
air leakage rates through a building
envelope under controlled pressurization
and de-pressurization. It isapplicable to
amadl temperature differentids and low
wind pressure conditions. The test
method conssts of mechanical
pressurization or de-pressurization of a
building and measurements of the
resulting arflow rates & given indoor-
outdoor tatic pressure differences. From
the relationship between the airflow
rates and pressure differences, the air
leakage characterigtics of abuilding
envelope can be evaluated.
KEYWORDS standard, air leskage, fan
depressurization

#NO 3124 Analysisof errorsfor afan-
pressurization technique for
measuring interzonal air leakage.
AUTHOR Herrlin M K, ModeraM P
BIBINF in: " Effective Ventilation”, Sth
AIVC Conference, Gent, Belgium, 12-
15 September 1988. in English
ABSTRACT The problem of predicting
arflows in a multi- zone building has
received consderable attention in the
past ten years. An important issue
identified by this work was the lack of
reliable measurements of the flow



resistances between the zones of such
buildings. This report andyzesthe
uncertainties associated with afan-
pressurization technique for measuring
the inter-zond leskage (inverse flow
resstance) in amulti-zone building. The
technique involves two blower doors,
onein each of the two zones between
which the leskage is being measured.
The evauation of the techniqueis based
upon smulaions usng MOVECOMP, a
multizone infiltration and ventilation
smulation program, which is used to
determine what datawould be recorded
when using the procedure in a multi-
family building under typicd wind
conditionsusing typica fan
pressurization equipment. These
smulaions indicate that wind-induced
uncertainties in the determined |leakage
parameters do not exceed 10% for wind
speeds lower than 5 m/s, but that
pressure and flow measurement
uncertainties raise leskage parameter
uncertainties above 40% at any wind
gpeed. By performing additiona
amulations, the sengtivity of our results
to the subtleties of the measurement
protocol and the assumed test conditions
are examined. These examinations
highlight the importance of using an
appropriate reference for the pressure
difference across the primary-zone
envelope, aswdl as the importance of
improving the precison of this
measurement.

KEYWORDS fan pressurization, air
leakage, blower door

#NO 3361 Signal attenuation dueto
cavity leakage.

AUTHOR Sherman M H, ModeraM P
BIBINF Journd of the Acoustic Society
of America, Vol 84, No 6, December
1988, pp2163-2169, 3 figs, 1 tab, 19
refs. in English

ABSTRACT The propagation of sound
waves in fluids requires information

about three properties of the system:
capacitance (compressibility), resstance
(friction), and inductance (inertia).
Acoustica design techniquesto date
have tended to ignore thefrictiond
effects associated with airflow acrossthe
envelope of the acoudtic cavity (eg.,
resgtive vents). Since such leskage
through the cavity envelopeis best
expressed with a power law dependence
on the pressure, standard Fourier
techniques that rely on linearity cannot
be used. In this article, the theory
relevant to nonlinear leskageis

devel oped and equations presented.
Potentid applications of the theory to
techniques for quantifying the leskage of
buildings are presented. Experimenta
results from pressure decaysin afull-
scale test structure are presented and the
leakage so measured is compared with
independent measurements to
demondtrate the technique.
KEYWORDS cavity, air leskage, sound

#NO 4787 Airtightnessin buildings.
Permeabiliteal'air desbatiments.
AUTHOR Riberon J, Bienfait D,
Chandellier J

BIBINF "Ventilation e Renouvelement
dAir dansles Batiments', AIVC/AFME
Workshop, held 18-22 March 1991,
Lyon, France, 10pp, 5figs, refs. in
French

ABSTRACT Air leskage through a
building envelope can disrupt the
intended operation of heating and
ventilating. In view of the high stakes,
research work was conducted at the
CSTB into ar infiltration in buildings.
They involved improvement in heat loss
cdculation due to cross ventilation and
development of air leskage measurement
methods. Using computer code which



includes climétic data, anew way of
cdculaing cross ventilation flow rate
was derived. Cross ventilation hest
losses do not only depend on flow rate
through the building envelope (air
leskage and air inlets) but aso on flow
rate due to ventilation system operation.
They are decreasing when the negative
pressure insde the building, caused by
the operation of the ventilation system,
isincreasing. A guiddine which
describes how to determine the
artightness of a building by usng the
fan pressurisation method has been
carried out. The test method is suitable
for research work or fied investigations.
In order to extend its field of application
to building inspection, asmplified
method has been added. Studies have
aso been undertaken in order to get a
better understanding of the technica
basiswhich are amed a reducing air
leekage in dwellings, specifying air-
tightness levels and assessing the
technica implementations with regard to
these levels.

KEYWORDS air tightness, air leakage,
Cross ventilation, measurement
technique

#NO 4915 Deter mination of leakages
in the building envelope using
pressurization test measur ements.
AUTHOR Jensen L

BIBINF Air Infiltration Review, Vol 7,
No 4, August 1986, pp 6-8, 3 figs, 2
tabs, 1 ref. in English

ABSTRACT There are several methods
by which the airtightness of abuilding
can be measured. One method involves
the use of afan to pressurize or
depressurize the building. This creates a
known pressure difference across the
building envelope. The corresponding
arflow through the fan is measured and
thisisan indication of the artightness of
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the building. Thisairflow rate can be
expressed as the number of building air
changes per hour, auseful unit when
comparing buildings of different
volumes. So far only smple methods
have been employed to andyze this
condition. However, it is possible to use
amore gtrict scientific approach based
on mathematical models and known
parameter identification methods. These
techniques are described in this article.
KEYWORDS arr leskage, building
envelope, pressurization

#NO 4926 AC pressurisation model
tests.

AUTHOR Sutcliffe H, Waters JR
BIBINF Air Infiltration Review, Vadl 9,
No 4, August 1988, pp 12-15, 6 figs, 1
tab, 2 refs. in English

ABSTRACT Leakage area measurement
by fan pressurization becomes more
difficult asthe volume of abuilding is
increased. The equipment becomes
bulky, and measurements of airflow
through the fan and the resulting

pressure differentia require more care.
AC presaurization offers an dttractive
dternative. However, in the case of large
indugtrid buildings, the exterior
envelopeis often congtructed of thin
flexible sheet materid, and dso

industrial leskage paths may have a
much larger areathan isfound in, say,
typical domestic congtruction. Thusthe
inertance effect described by Card et a
(1) and the flexing constant described by
Sherman (2) may be particularly
important. In order to explore these
problems, tests are being carried out on a
laboratory model. This note reports the
results of the first sets of measurements.
KEYWORDS pressurization, testing
chamber



#NO 10107 Uncertaintiesin fan
pressurization measurements.
AUTHOR Sherman M, Pamiter L
BIBINF in: Airflow performance of
building envelopes, components and
systems, USA, ASTM 1995, papers
presented at a symposum held in Ddlas,

Texas, 10-11 October 1993, pp 266-283.

ABSTRACT The ASTM Method for
Determining Air Leskage Rates by Fan
Pressurization Test (E 799-87) measures
the airtightness of building envelopes
using fan pressurization. Uncertainty is
introduced in the process from the
uncertainty of the airflow and pressure
measurements aswell asfrom
nonlinearities in the system to be
measured. This paper andyses the
precision and bias associated with
making a measurement using E 779in
typica fidd stuations. Mode
gpecification (or moddization) errors
may aso contribute sgnificantly to the
overdl uncertainty in the estimates of

the 4 Paleakage, the sources and sizes of
these modelization errorsinteract with
the insrumentation errorsin making a
fan pressurization test. Insufficient field
date exig to fully include the effects of
modelization and other low-pressure
phenomena, but the current standard can
nevertheless beimproved by tightening
the instrumentations and procedura
specifications and by judicious choice of
pressure measurement stations.
KEYWORDS building envelope, air
leakage, airflow

#NO 11734 Thermal insulation -
determination of building airtightness
- fan pressurization method. SO
9972.

AUTHOR Anon

BIBINF 1SO, 1996, 10 pp.
ABSTRACT Thefan pressurization
method produces a result that

characterizes the airtightness of the
building envelope or partsthereof. It can
be used: to compare the relative
artightness of severd smilar buildings
or building components, to identify the
leakage sources and rates of leskage
from different components of the same
building envelope, to determinethe air
leakage reduction for individud retrofit
measures applied incrementaly to an
exiging building or building component.
This method does not measure the air
infiltration rate of abuilding. The results
of the fan pressurization test can be used
to estimate the ar infiltration by means
of caculation. If adirect measurement
of the ar infiltration is desired, other
methods must be used. It is better to use
the fan pressurization method for
diagnostic purposes and measure the
absolute infiltration rate with the tracer
dilution method.

KEYWORDS standard

Determination of the Airtightness of
Building Envelopes by the Fan
Depressurization Method,
CAN/CGSB-149.10-M 86

AUTHOR CGSB

BIBINF Canadian Generd Standards
Board, 1986

ABSTRACT Thisisamethod for the
determination of the airtightness of
building envelopes. It is not a method for
determining the actud air leskage which
occurs through a building envelope
under the influence of wind and
buoyancy pressured or the operation of
heating and ventilation systlems. The
method is gpplicable to smal detached
buildings (especiadly houses) but with
appropriate modifications, it can aso be
used for other buildings or parts of
buildings.



Deter mination of the Overall
Envelope Airtightness of Buildings by
the Fan Pressurization Method using
the Building's Air Handling System,
CAN/CGSB-149.15

AUTHOR CGSB

BIBINF Canadian General Standards
Board, 1996

ABSTRACT Thisisamethod for the
determination of the air tightness of
building envelopes. It is not a method for
determining the actud air leskage which
occurs through a building envelope
under the influence of wind and
buoyancy pressures or the operation of
heating and ventilation systems. The
method is applicable to small detached
buildings (especidly houses) but with
appropriate modifications, it can aso be
used for other buildings or parts of
buildings.

ASHRAE Standard 62, Air Leakage
Performance for Detached Single-
Family Residential Buildings
AUTHOR ASHRAE

BIBINF ASHRAE, 1989

The purpose of this sandard isto specify
minimum ventilation rates and indoor arr
quality that will be acceptable to human
occupants and are intended to minimize
the potential for adverse hedlth effects.

ASHRAE Standard 119, Air Leakage
Performance for Detached Single-
Family Residential Buildings
AUTHOR ASHRAE

BIBINF ASHRAE, 1988

The purpose of this standard isto
edtablish performance requirements for
ar leskage of resdentia building sto
reduce the air infiltration load.

ASHRAE Standard 136, A Method of

Determining Air Change Ratesin
Detached Dwellings

a4

AUTHOR ASHRAE

BIBINF ASHRAE, 1993

ABSTRACT The purpose of this
standard is to provide a procedure for
determining effective outdoor air change
rates in detached dwellings. This
procedure isintended for usein
evauating the impact of these arr change
rates on indoor ar qudity.

3.2 Techniques for Multizone
and Large Buildings

#NO 653 Automated air infiltration
measurementsin large buildings.
AUTHOR Grot R.A. Hunt C.M. Harrje
D.T.

BIBINF A.l.C. Conference
"Indrumentation and measuring
techniques." Windsor 6-8 October 1980,
22p. 9figs. in English AIC

ABSTRACT Describes an automated air
infiltration measurement system for

large buildings. The system consgts of a
micro-computer, electron capture gas
chromatograph, aten port sampling
manifold, and five tracer gasinjection
units. The system controls the injection
and sampling of tracer gasin amulti-
zone building, caculatesthe ar
infiltration rates of each zone, and
measures the duration of events such as
HVAC fan operation, exhaust fan
operation and door/window openings.
The measurements dso include such
andog variables asinterior and exterior
temperatures, wind speed, wind direction
and pressure differentias across the
building envelope. The data collected by
the system will dlow the determination
of the rdaive importance of air leakage
and forced ventilation to the energy
requirements of the building aswdl as
evauating the influence of

meteorologica conditions, HVAC fan



operation, exhaust fan operation and
exterior building pressure on the air
leakage.

KEYWORDS tracer gas, automatic
equipment, sulphur hexafluoride,
constant concentration, instrumentation

#NO 1062 Occupant-generated CO2
asan indicator of ventilation rate.
AUTHOR Turid . Rudy JV.

BIBINF Preprint ASHRAE Transactions
vol.88 no.1 1982 12pp. 4 figs. 1 tab. 11
refs. in English

ABSTRACT Reports on 2 methods of
messuring ventilation ratesin the 8-
storey San Francisco Social Services
Building, usng occupant-generated CO2
as atracer gas. Measures CO2
concentration & regular intervas on the
firg floor usng an infra-red gas detector.
Uses the tracer gas decay method and
the congtant concentration (integral)
method to determine ventilation rates.
Finds that the CO2 decay method
compares favourably with both SF6
tracer gas measurements and with air-
flow messurementsin the ducts. The
integra method of determining
ventilation rate is satisfactory when the
sysemiscirculating outside air, but it
overestimates the ventilation rate when
ar isrecirculated, because of the
presence of CO2 gradients. When
outside air ventilation rates are low, CO2
concentration rises and the CO2 decay
method is more easily gpplied.
KEYWORDS tracer gas, carbon dioxide,
decay rate, constant concentration, high
rise building

#NO 1253 Ventilation measurements
in large buildings.

AUTHOR Freeman J. GdeR. Lilly JP.
BIBINF 4th AIC Conference "Air
infiltration reduction in exiding

buildings' Switzerland, 26-28

&

September 1983 p.5.1-5.14 6 figs. 2 refs.
in English

ABSTRACT Compares and contrasts
different methods of ventilation
messurement in large buildings
Conventiona methods of using tracer
gas to measure ventilaion ratesin large
volumes are cumbersome and expensive.
These constant concentration and decay
measurements require artificid mixing,
complex monitoring equipment and

large ingdlation costs. By using discrete
injection and sampling units, long term
samples of tracer gas be collected with
the minimum of capital and ingalaion
costs. Samples collected represent the
mean loca equilibrium tracer gas
concentrations. Finds the method to be a
ussful messure of ventilation rate but
increasing problems are found with
increase of measured volume requiring
gregter attention to thorough mixing of
the atmosphere and injection sample bag
positioning.

KEYWORDS tracer gas, measurement
technique, constant emission

#NO 1276 Air leakagein industrial
buildings - preiminary results.
AUTHOR Lundin L.

BIBINF 4th AIC Conference "Air
infiltration reduction in exiding

buildings' Switzerland, 26-28
September 1983 p.6.1-6.8 5figs. 1 ref. in
English

ABSTRACT Describes pressurization
tests conducted by the Nationa Testing
Ingtitute on 3 large indudtrid buildings.
Sets out equipment and methods used
including atracer gas method to caculate
arflow through the fan rather than the
usua measuring duct. Gives
congruction and volume details of
buildings measured.



KEYWORDS indugtrid building, air
leakage, pressurization, fan, tracer gas,
indrumentation, measurement technique

#NO 1386 The measurement of air
infiltration in large single cell
industrial buildings.

AUTHOR Waters JR. Smons M.W.
BIBINF Preprint ASTM Symposium on
measured air |eakage performance of
buildings Philadelphia USA April 2-3
1984 23pp. 7 figs. 4 tabs. in English
ABSTRACT Carries out measurements
of thear infiltration rate of 3 large

sangle cdl buildings using the tracer
dilution method. The purposeisto
determine whether or not there are any
specid difficultiesin usng the tracer
dilution method in this type of building,
prior to embarking on a more substantial
measurement program. Uses nitrous
oxide and sulphur hexafluoride as
tracers. Finds both to be satisfactory, but
concludes that SF6 in conjunction with a
portable gas chromatograph performs
more reliably when used for on-gte
measurements.

KEYWORDS tracer gas, decay rate,
sulphur hexafluoride, nitrous oxide, air
infiltration

#NO 1513 Application of the constant
concentration technique for
ventilation measurement to large
buildings.

AUTHOR Etheridge D W.

BIBINF SERC Workshop on
Ventilation, Coventry Polytechnic, 25
26 October 1984, 16pp, 6figs. in
English Rev. verson BSERT, Val 6, No
3, 1985. p129-133

ABSTRACT The British Gas 'Autovent'
system utilises the congtant
concentration technique and was
developed for measuring ventilation
rates in dwellings. It hes recently been

used in two large opertplan buildings, a
school nursery and afactory unit, and
the opportunity was taken to carry out
gpecid tedsto assessits validity in such
buildings. The reason why these tests
were needed, the nature of the tests and
the results obtained form the main
content of the paper. The evidence from
the tests strongly indicates that the
sysemissuitable. Thisevidenceis
supported by the ventilation
measurements themselves, examples of
which are presented.

KEYWORDS schoal, factory,
ventilation, constant concentration,
measurement technique

#NO 1809 Thereduction of air
infiltration in an industrial
laboratory.

AUTHOR Lilly JP, GdeR

BIBINF 6th AIC Conference
"Ventilation Strategies and Measurement
Techniques', Het Meerdal Park,
Netherlands, 16-19 September 1985.
Brackndl, UK: Air Infiltration Centre,
1985. p10.1-10.11. 4 figs, 1 tab, 8 refs.
in English AIVC bk

ABSTRACT As part of aprogramme to
develop measurement methods for
determining the ventilation rates of large
buildings, two series of tests were
performed in asingle-cdlled [aboratory
with avolume of 600 m3. Thefirst
series utilised constant concentration,
constant emission and decay rate tracer
gas techniques to determine the
characterigtics of the infiltration pattern
in varying winds and externd
temperatures. Both discrete and
continuous injection and sampling
methods were used. Pressurisation
techniques were employed to determine
the overal leskage of the building and
the spatia digtribution of the lesks with
flow visudisation methods. The building



was then draught proofed with
commonly avallable materias and
techniques before further pressurisation
tests and thorough ventilation
messurements were undertaken. The
experiment thus provided detailed
comparisons of ventilation measurement
methods and detailed performance
characterigtics of the building envelope
in two dtates of leskiness. The
interaction between the changed leakage
characterigtics and the measurement
methods is discussed together with a
critical evauation of the measurement
methods themsalves.

KEYWORDS measurement technique,
tracer gas, constant concentration,
congtant emission, decay rate,
pressurization

#NO 1816 Continuous air renewal
measurementsin an occupied solar
office building.

AUTHOR Scartezzini J L, Roecker C,
Quevit D

BIBINF Paper presented at CLIMA
2000, Copenhagen, August 1985.
Rapport No. 85-01-03. Ecole

Polytechnique Federale de Lausanne. 5p.

4figs, 12 refs. in English

ABSTRACT A Compact Equipment for
Air Renewd Survey (CESAR) has been
developed by the Ecole Polytechnique
Federde de Lausanne. The device has
been designed for Imultaneous andys's
of up to 10 different inhabited rooms
over extended periods of time (days or
weeks). The constant concentration
tracer gas technique was used for the
first survey done in the South rooms of
the LESO building. Mean outdoor to
room flow rates of between 1 and 40
m3/h were found. The mean building to
room airflow was found to be 5 m3/h for
rooms with only one communicating
door with the rest of the building. A

second survey, performed ayear later in
1984/85, showed an increase in building
to room arflows within the range of 11
to 45%, due to occupancy effects.
KEYWORDS air change rate,
measurement technique, tracer gas,
mullti-chamber, constant concentration,
ar movement, office

#NO 1819 Continuousair infiltration
measur ementsin the LESO.
AUTHOR Quevit D, Roecker C
BIBINF Paper presented at INTERSOL
85, Montreal. Rapport No 85-01-10.
Ecole Polytechnique Federde de
Lausanne, June 1985. 5p. 4 figs, 3 refs.
in English

ABSTRACT Thetotd air infiltration
rates can be determined by the tracer gas
decay method, but to measure the
influence of inhabitants or convective
exchanges between rooms, the constant
concentration method is more suitable.
In order to measure these effects, the
Compact Equipment for Survey of Air
Renewd (CESAR), developed at the
LESO, was used to perform an air
exchange anayss on data recorded at
regular intervasin up to 10 locations
smultaneoudy. Three tracer gas
methods were implemented: decay,
constant concentration and continuous
flow. Successful continuous
measurements were worked out in 10
locations and the exchange flow rates
and occupancy effects were measured by
the constant concentration method.
KEYWORDS air change rate,
measurement technique, tracer gas,
constant concentration, multi-chamber,
office, decay rate, congtant emission,
occupancy effects

#NO 1820 Air changerate
measur ementsin the Roulet villa at
Apples.



M esure du taux de renouvellement
d'air danslavilla Roulet a Apples.
AUTHOR Roulet C-A, Scartezzini J-L
BIBINF Rapport No 84-01-10. Ecole
Polytechnique Federale de Lausanne,
Groupe de Recherches en Energie
Solaire, 16 November 1984. 65p. figs,
tabs, 3 refs. in French

ABSTRACT Theair change rate and the
volume of heated air of the villawere
measured by the congtant concentration
tracer gas method during aperiod of 11
days. Thetotd volume of the villais
1000 m3 and the heated volume 530 m3.
It isbuilt on 9x hdf-levels. The
occupants continued their normal

lifestyle during the measurements. The
Compact Equipment for Survey of Air
Renewd (CESAR) was used with
nitrous oxide astracer gas a a
concentration of 100 ppm. The mean
globd ar change rate was 0.50/h. The
rate rose to 0.56 if a bedroom window &t
the top of the building was open, and fel
to 0.37 when dl the windows were shut.
KEYWORDS air change rate, constant
concentration, tracer gas, nitrous oxide,
terraced house, measurement technique

#NO 2683 M easur ements of
infiltration and air movement in five
large single-cell buildings.

AUTHOR Lawrence GV, Waters JR
BIBINF 8th AlVC conference
'Ventilation Technology - Research and
Application’, 21-24 September 1987,
Ueberlingen, West Germany,
Proceedings, AIVC 1987, p2.1-2.18, 4
figs 5 tabs, 6 refs. in English
ABSTRACT A sx channel, computer
controlled, tracer gas detection system
for the measurement of infiltration rates
and ar movement in large Sngle-cdll
indudtrid buildings has been designed,
congtructed and cdibrated. This has been
used for over 50 sets of tracer decay

measurementsin five sngle-cdll
buildings ranging in sze from 4000 to
31000 m3. The buildings included a
gports hal, a vehicle maintenance depot,
two factory workshops and an aircraft
hangar. Infiltration rates and interzona
flows were derived from the tracer
curves using methods based on
multizone theory. The andys's method
includes a specialy developed,
congtrained least squares technique
which gives both infiltration rate and
interna flow rates. The equipment and
method of analysis are briefly described,
and results for each data set presented. A
comparison of infiltration rates, derived
from interzona flows and from averaged
tracer decay dataisaso given. In
addition examples are given of
comparisons between measured decay
curves and theoretica decay curves
reconstructed from messured flow rates.
Findly inconsstencies in the data and
the modd are discussed, together with
suggestions for improvements to the
experimentd technique and the method
of andyds.

KEYWORDS measurement technique,
industrid building, large building, sports
building, hangar, factory

#NO 2718 The measur ement of
ventilation and air movement in
factory buildings.

AUTHOR SmonsM W, Waters JR
BIBINF in: Third International Congress
on Building Energy Management, 111
Ventilaion, ar movement and air
quality: field measurement and energy
auditing, hed in Lausanne, Switzerland,
September 28- October 2, 1987, p154-
161, 3figs, 10 refs in English
ABSTRACT The mgority of factory
buildings may be consdered as large
angle-cell structures. In order to
measure the ar infiltration



characterigtics of such buildings, it has
been found necessary to consider air
movement patterns within them. The
smultaneous congderation of both air
infiltretion and internd ar movement

has the added advantage that the
dispersal of ar-borne contaminants
within the factory can dso be studied.
Usng multi-zone air movement theory,
in which one zone represents the outside
air, ar exchange between the insde and
the outside and between internal zones
may be measured and evaluated. The
equations governing flows in the multi-
zone modd are wd| known. Application
of these eguations to multi-zone tracer
decay measurements has shown how it is
possibleto: 1. determine the best initid
digtribution of the tracer gas, i.e. the
most advantageous seeding strategy, 2.
avoid inaccurate results dueto ill
conditioning or linear dependence, 3.
maximise the information that can be
obtained from a set of measured data. An
automated tracer gas monitoring system
has been designed and built. The system
isbeing used to measure air infiltration
and ar movement in arange of large
sngle cdl buildings, most of which are
factories. The objectiveisto gain
experience of the operation of the
equipment, to refine data analyss
techniques, and to provide a data bank as
abasisfor further developments of the
theory.

KEYWORDS factory, ar movement,
pollutant, tracer gas measurements, large
building

#NO 2642 A multipletracer gas
technique for the measurement of air
movementsin industrial buildings.
AUTHOR NiemdaR, ToppilaE,
Tossavainen A

BIBINF Roomvent 87, proceedings,
Stockholm 10-12 June 1987, 19p, 4 figs,
2 tabs, 5refs. in English

ABSTRACT This paper dedswith a
multiple tracer gas measurement system
suitable for characterization of arflow
patterns and ventilation effectivenessin
largeindudtriad premises and commercid
gructures. The highly automated system
conggts of amultipoint sampling unit,

an IR-anadyser and amicrocomputer. Up
to now, nitrous oxide,
dichlorodifluoromethane and carbon
dioxide have been used astracers. The
method was applied to study the
distribution of the supplied ar and the
cleaned recirculated air in afinishing
department of asted foundry.
KEYWORDS tracer gas, carbon dioxide,
nitrous oxide, indugtria building,
commercid building

#NO 2880 Approachesto estimating
airflowsin large multi-family
buildings.

AUTHOR Bohac D L

BIBINF Ashrae Trans, Vol 93, Part 1
1987, p1335-1358, 8 figs, 6 tabs, 19 refs.
in English

ABSTRACT Air infiltration can account
for adgnificant part of the heet lossin
multifamily buildings Its megnitude,
however, is difficult to determine. In the
absence of acentral ventilation system,
pressurization tests of the whole building
arevirtudly impossble and one-
chamber tracer gas measurements
become ingpplicable. Heeting-season
average arr infiltration rates can be
edimated indirectly by comparing
energy consumption datawith
engineering modes of heat loss.
However, alarge uncertainty is
associated with this estimate. We
describe various pressurization and
tracer gas techniques for characterizing



arflowsin large multifamily buildings.
We applied a number of these techniques
to asx-gory gpartment building. Single
and multizone fan presaurization
methods enable the measurement of
leakage areas of gpartmentsto the
outside and to other interior spaces.
Sngle-zone fan pressurization a the
gpartment building showed that the
goatments were relativey tight, with
leakage areas dominated by the
building's many open windows.
Congtant-injection tracer gas techniques
alow measurement of arflowsin the
building's vertical shafts, which are
likely to be stack dominated. Constant-
injection measurements were used to
estimate areas in the stairwell. Three
varidions of the constant-concentration
tracer gas technique can be used to
measure outsde arflowsinto individua
goartments and dlow certain interzone
arflowsto be estimated. These
techniques applied to the apartment
building showed that gpartments
exchange air primarily with the outside
at rates depending heavily on window
openings.

KEYWORDS multifamily building, heet
loss, energy consumption, pressurization
testing, tracer gas measurements,
gpartment building, fan, constant
concentration, window opening

#NO 3423 Tracer gas measurement
systems compar ed in a multifamily
building.

AUTHOR HarrjeD T, DietzR N,
Sherman M, Bohac D L, D'Ottavio T W,

Dickerhoff D J
BIBINF USA, Princeton Universty,
21p, 8 tabs, 7 figs, 9 refs in English
ABSTRACT The more complex
building poses additiona chalengesto
ar infiltration measurement, especidly
the case of multiple zones and rooms.
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Today's technology has provided us with
anumber of measurement choiceswhich
include: the constant concentration
single tracer gas system, multi-tracer gas
systems using the mass spectrometer,
and perfluorocarbon multi-tracer
systems both passve and active. This
paper will compare smultaneous fied
measurements in a Princeton area
multifamily building using eech of these
tracer-gas based ar infiltration systems.
Personnd from Princeton University,
Lawrence Berkeley Laboratory, and
Brookhaven National Laboratory were
involved inthe ar infiltration
measurement sudies. Air infiltration
ratesin the various zonesin each
building are compared as well asthe
ease of implementation of the various
gpproaches in these comprehensive
measurements. Sources of errorsusing
the various techniques aso will be
discussed.

KEYWORDS arflow, infiltration, tracer
gas, measurement technique

#NO 3581 Comparison of air
infiltration rate and air leakage tests
under reductive sealing for an
indugtrial building.

AUTHOR Jones P J, Powdl G

BIBINF in:UK, AIVC, 10th AIVC
Conference, held at Espoo, Finland, 25-
28 September 1989, Volume 2, February
1990, pp131-152, 14 figs, 5 tabs, 2 refs.
in English

ABSTRACT The paper compares air
infiltration rate meassurements with air
leskage measurements in amodern
indugtria building. In each case the tests
have been performed firdly with the
building "as-built", and then with the
major |eakage components sealed. The
building investigated was of a cdladding
wall congtruction with U-vaues of 0.6
W.m-2.K-1 for both the wals and roof.



It had afloor area of 466 m2. The
volume was 3050 m3. Tracer decay tests
and congtant concentration methods
(both using N20) were performed in the
building to establish the air infiltration
rates. The air leskage of the building was
determined by the fan pressurisation
method. The paper presents the results of
the measurements and the discusson
focuses on the variaions of the ar
infiltration rate due to changesin

internal and externd conditions. The
results from the three different
techniques used are compared. The
results show that there was good
agreement between the tracer decay and
constant concentration methods when
determining the air infiltretion rate.

There was aso good agreement under
reductive sedling between the reductions
in measured arr infiltration rate and
measured air leakages. The paper isa
result from research work funded by the
Building Research Edtablishment to
investigate ar infiltration rates and air
leskage rates in indudtria buildings.
KEYWORDS indudtrid building,
infiltretion rate, air leakage, retrofitting,
fan pressurisation

#NO 3648 Use of BREFAN to measure
the airtightness of non-domestic
buildings.

AUTHOR PereraM D A E S, Stephen R
K,TUIRG

BIBINF UK, Watford, BRE Information
Paper, 6/89, April 1989, 3pp, 5figs, 1
tab, 9 refs. in English

ABSTRACT BREFAN isafan
"pressurization” rig designed to carry out
ar leskage test on the whole building
envelope of most non-domestic

buildings, like office and hangars. This
paper describes field measurements with
BREFAN in two office buildings and
shows how a"leskage" index can be

evauated and then used as a diagnostic
measure of the congtructiond quality of
the externd fabric of the building. BRE
provides aBREFAN measurement
sarvice to other organizations, and this
paper will be of interest to architects,
builders, building services engineers,
surveyors and others concerned with the
provison and control of ventilation in
buildings.

KEYWORDS measurement technique,
ar tightness, office building, hangar

#NO 4164 BREFAN - a diagnostic tool
to assessthe envelope air leakiness of
lar ge buildings.

AUTHOR PaeeraM DA ES TUulRG
BIBINF Netherlands, Internationa CIB
W67 Symposium, "Energy, Moisture
and Climate in Buildings', 3-6
September 1990, Rotterdam, p Il 12, 3
figs 8 refs in English

ABSTRACT A mgor factor in the
ventilation of buildings and their energy
performance is the leskiness of the
building envelope. In some
circumstances, the adventitious leakage
through the building fabric is a source of
excessve ventilation which can lead to
energy waste and, in some cases, to
discomfort. The air leskiness of the
building envelope can be determined by
carying out whole-building leskege
tests. BREFAN isafan "pressurisation”
rig designed for such testsin most non
domestic buildings. The measurements
S0 obtained can be used to quantify the
variation of ar leskage through the
fabric as afunction of the gpplied
pressure differentia across the envelope.
A "leskage' index can dso be evauated
and used as a diagnostic measure of the
condructiond qudity of the exterrd
fabric. This paper givesresults from
fiddd measurementsin five large
buildingsin the UK. Measurementsin



two office buildings show that the
externa envelope of one specificaly
designed and constructed as a low-
energy office (LEO), istwice astight as
the other built in a more conventiona
manner. Comparison with buildings
tested in North America shows that the
LEO isastight asthose. Measurements
in two old, industrid "hangar buildings
are compared with one built within the
last decade under current UK Building
Regulations. Although the leskage index
shows the new building to be only half
aslesky asthe old, comparison with
tight Swedish indudtrid buildings shows
thet a further fivefold reduction is
possble. Findly, testsinalarge Law
Court building are briefly described to
show how BREFAN can be used as a
diagnodtic tool in amore quditative
manner. By depressurising the building,
apossible cause for complaints of
insufficient interna heating during cold
westher was traced to excessive ar
leakage through the roof.
KEYWORDS air leakage, large
building, building envelope, fan

#NO 5267 Therédliability of
infiltration and air movement data
obtained from single tracer gas
measurementsin lar ge spaces.
AUTHOR Sutcliffe H, Waters J
BIBINF UK, AIVC 12th Conference,
"Air Movement and Ventilation Control
within Buildings', held 24-27 September
1991, Ottawa, Canada, proceedings
published September 1991, Volume 1,
pp 387-410. in English

ABSTRACT The methods available for
the measurement of arr infiltration and
ar movement in large indudtrid hdls are
redtricted by the size of the building and
the nature of the operations which take
place within it. Single tracer decay
measurements are the easiest to perform
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and this paper examines the possibility
of extracting useful information from
them. Using a multi- zone representation
of the building volume, the properties of
tracer decay curves are consdered, and
the ease of extraction infiltration and
arflow data examined by means of
amulaions. The results show how the
error in the derived infiltration rates
grow with error in the tracer gas
concentration measurements for various
methods of tregting the results. The
smulations are compared to the results
of measurements made in atypica
indugrid hall. Despite the shortcomings
of the multi-zone modd and the single
tracer decay method, it appears possible
to obtain reasonable results for the
overd| ar infiltration retes.
KEYWORDS tracer gas measurements,
large building, multizone

#NO 5700 Use of BREFAN to measure
the airtightness of non-domestic
buildings.

AUTHOR PereraM D A E S, Stephen R
K,TUIRG

BIBINF UK, Building Research
Establishment, 1P 6/89, April 1989, 4pp,
5figs, 1 tab, 9 refs. in English
ABSTRACT BREFAN isafan
'pressurisation’ rig designed to carry out
ar leskage tests on the whole building
envelope of most non-domestic
buildings, like offices and hangars. This
paper decribes field measurements with
BREFAN in two office buildings and
shows how a'leskage’ index can be
evauated and then used as a diagnostic
measure of the congructiond qudity of
the externd fabric of the building. BRE
provides a BREFAN measurement
sarvice to other organizations, and this
paper will be of interest to architects,
builders, building service engineers,
surveyors and others concerned with the



provison and control of ventilation in
buildings.

KEYWORDS fan pressurization, air
tightness, air leakage, building envelope,
office building, hangar

#NO 11930 Theprinciplesof a
homogeneous tracer pulsetechnique
for measurement of ventilation and
air digribution in buildings.
AUTHOR Stymne H, Boman C A
BIBINF in: UK, Air Infiltration and
Ventilation Centre, proceedings of
"Ventilaion Technologiesin Urban
Aress', 19th Annua Conference -
Supplement, held Odo, Norway, 28-30
September 1998.

ABSTRACT The principles of anew
tracer gas technique is described in the
paper. The new technique involves pulse
injection of tracer gas and has the same
advantages as the previoudy known
homogeneous emission technique. It can
for example advantageoudy be used in
large buildings and buildings with many
rooms and yidds information on the
digribution of ventilation air within the
building. However, contrary to the
homogeneous emission technique,
yielding the average ventilation
performance during an extended time,
the new technique dlows measurement
during short term periods. The new
technique is based on homogeneous
pulseinjection, which means that pulses
of tracer gas areinjected in each zonein
azone-divided building, with amounts
which are proportiond to the zone
volumes and integrating sampling of
tracer gas concentration. Theoretica and
practica aspects of the technique are
described.

KEYWORDS tracer gas, air distribution

#NO 12566 Protocoal for field testing of
tall buildings to deter mine envelope
air leakagerate.

AUTHOR Bahnfleth W P, Yuill G K,
LeeBW

BIBINF USA, ASHRAE Transactions,
Annua Meeting 1999, Sesitle, 12 pp, 6
figs, 6 tabs, refs.

ABSTRACT The objective of this
project was to develop areatively
smple, accurate method for testing the
overd| envelope leskage rate of tall
buildings. Two fan pressurisation test
techniques, the floor-by-floor blower
door method and the air handler
methods, were developed and tested on
two buildings. Criteriafor conducting
accurate tests were developed, including
limitations on outdoor air temperature
and wind speed. The floor-by-floor
blower door method permitsisolation
and is difficult and time-consuming to
aoply. The ar-handler method uses
building ar digtribution fans for
pressurization. It is most easily gpplied
on a system-by-system levd rather than
floor-by-floor. Fan airflow techniques
including orifice plate, pitot traverse,
and tracer gas dilution were considered.
The tracer gas method was found to be
ratively easy to apply and highly
accurate. Fan airflow rate measurement
uncertainty by tracer gas was estimated
to be 5.4% to 8.8% for the cases
consdered, assuming a 5% uncertainty
ininterzond leskage.

KEYWORDS air leakage rate, building
envelope, tal building

3.3 Component Leakage
Techniques

#NO 41 Air infiltration measurements
in a four-bedroom townhouse using
sulphur hexafluoride asatracer gas.



AUTHOR Hunt C.M. Burch D.
BIBINF ASHRAE transactions 1975,
81, part 1. 186-201, 5figs, 4 tabs, 18
refs in English

ABSTRACT Reports measurementsin
title. House was contained in
environmenta chamber with control
over indde and outsde temperature with
essentidly no wind velocity. Observes
familiar correlation between insde-
outside temperature difference and
infiltration rate, and effect of seding
doors and ducts under conditions of
negligible wind velocity. Compares
different methods of collecting ar
samples for analysis and compares SF6
measurements with air exchange rates
imposed on the house by means of a
centrifugd blower.

KEYWORDS air infiltration, tracer gas,
sulphur hexafluoride, house, component
leskage

#NO 175 Thetesting of whole houses

for air leakage.

AUTHOR Mclntyre I.S. Newman C.J.
BIBINF Building Research
Establishment note. 21/75. 5figs. 1 ref.
in English.

ABSTRACT Describes portable air
leakage apparatus capable of measuring
the ar infiltration of whole dwellings
directly on ste by the pressure method.
Main assembly consgts of aflow
measurement duct and eectric fan.
Describes test procedure and gives air
leakage curves for an ordinary semi-
detached house and an experimental
house. Finds that doors and windows
account for asurprisngly smdl
proportion of total leakage.
KEYWORDS air infiltration, fan,
component leakage, pressurization,
house.
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#NO 1100 Simple method of
measuring airtightness of windows.
Nu finnsen enkel metod att prova
fonsterstathet.

AUTHOR Wetterstad L.

BIBINF VVSno.4 1982 p.83-84 1 fig.
in Swedish

ABSTRACT Describes method and
equipment for measuring air leskage
from windows.

KEYWORDS window, component
leakage, instrumentation, measurement
technique

#NO 1103 Testing times.

AUTHOR Turnbull N.

BIBINF Energy Manager vol.6 no.1
1983 p41 3figsin English 674
ABSTRACT Describes Schlegel's test
chamber for measuring air and water
infiltration around doors and windows.
This can record infiltretion at any point
around the frame to high light the exact
source of alesk. Thisisused to test the
company's own draught proofing and
westher sealing products and is available
to door and window manufacturers for
development work.

KEYWORDS door, window, component
leakage, insrumentation, measurement
technique

#NO 1105 M easurement of local
airtightnessin buildings.

AUTHOR Silonen V.

BIBINF Technicd Research Centre of
Finland Research Note 125 July 1982 12
pp. 4 figs. 1 tab. in English
ABSTRACT Describes the "collector
chamber" method, where aroom or
whole building is pressurised and the air
leaking through the target aressis
collected with a pressure compensated
chamber to a measurement device.
KEYWORDS component leskage,
indrumentation, measurement technique



#NO 1423 Ventilation in small
functional buildings- measurements
of air leakage of interior walls
Ventilatiein kleine utilitaire
gebouwen metingen aan luchtlekken
van binnewanden

AUTHOR Phaff JC., de GidsW F.
BIBINF IMG-TNO Report C522,
September 1983, 81pp, 55 figs, 23 tabs. ,
in Dutch

ABSTRACT Thisisthe second part of a
Study on naturd ventilaion in functiond
buildings. Reports the results of 23
Mmeasurements on a number of partitions,
internd walls and one brick built interna
wall. Measurements were made in 4
buildings. For the largest leskages
measured in these 4 buildings, astrong
influence was observed on the

ventilation of neighbouring rooms. The
opening of awindow in aroom has
notable consegquences on the ventilation
and arflow in the other rooms. The
measured air leakages ranged from 0038
t0 0.068 m2 for awall and .0131 -.0529
m2 for aroom.

KEYWORDS component leakage, brick
wall, arflow, open window

#NO 1531 In situ measurement of air
and water tightness.

Mesuresin situ del'etancheiteal'air
et al'eau.

AUTHOR Guillaume M., Meert E.
BIBINF Congress, Luxembourg, 10-13
September 1978, Union Nationae des
Entrepreneurs Menuisers et
Charpertiers and Centre Scientifique et
Technique de la Congruction, Belgium.
16pp, 4 figs, 4 graphs, 2 tabs. in French
ABSTRACT Describesthree research
programmes measuring tightness of
components, of specific areas of a
building and of complete buildings.
Defines the Belgian standards currently

52

gpplicable. For air tightness, the area or
building is depressurized by 5 to 100 Pa
and the flow of air that entersis
measured. Then the components are
made air tight one by one, and each time
the new flow rate is measured to give
vaues for the different components. The
specific area done can be depressurized,
the specific area plus the whole building
or just the whole building. For water
tightness, the building is maintained a
various pressures and sprayed with water
for 5-10 minutes. Tracer gas methods
were also used on two houses, and on
externa woodwork.

KEYWORDS measurement technique,
pressurizetion, ar leakage, component
leakage, tracer gas, buildings

#NO 1534 The prediction of air
infiltration through building
components. The assembly of a device
to measureair infiltration through
componentswith a suggested method
of producing data which could be used
to form the basis of a prediction
model.

AUTHOR McGrath PT.

BIBINF Dissertation for MSc,
Univerdty of Manchester Indtitute of
Science and Technology, 1982. 161pp,
10 figs, 27 graphs, 54 tabs, 20 refs. in
English AIC bk

ABSTRACT Reviewsair infiltration
measurement methods, prediction
models, and flow through components of
buildings. Attempts to construct a device
capable of measuring airflow through a
building component under a given
pressure difference and to investigate the
exisence of a coefficient which, when
multiplied by the pressure difference,
raised to an exponent, will yield the
arflow through that component.
Components were tested under differing
pressure differences and the testing



device was cdlibrated by atracer gas
technique. Concludes that it is possible
to perform pressure/airflow tests quickly
and efficiently, and cites an acceptable
equation in respect to the coefficient.
KEYWORDS component leakage,
pressure difference, measurement
technique, empirica modds, prediction

#NO 1543 Theme 1 - Energy
optimization of outer window and
door frames.

AUTHOR Brosio E., Esposti W.,
Matteoli L., et al.

BIBINF Istituto Centrae per
I'Indudtridizzazione e la Tecnologia
Edilizia. 23pp, 9 diag, 2tab, 5ref. in
English

ABSTRACT The main objectives are 1)
the collection, processing and evauation
of leakage data for opening doors and
windows, obtained from certifications or
tedts, 2) evauation of the influence of
building technologies and component
materias on leskage, 3) experimentd
evauation of the reasons for the choice
of wdl/frame combination and of the
relative components and 4) experimentd
evaluation of the correation between air
leakage and sound insulation in order to
define new methods of acoustic
measurement of air leakage for
components after instalation.
KEYWORDS component leakage, door,
window, measurement technique, sound

#NO 1662 The value of pressure
testing to establish the viability of
retrofit proceduresfor a high rise
building.

AUTHOR Ward | C.

BIBINF Energy and Buildings, January
1984, Vol 6, No 1, 93-94, 2 figs, 1 tab, 1
ref. in English

ABSTRACT Presentsthe results of air
leakage tests on the windows of the Arts

Tower a Sheffidd Universty. The
results quoted show the ranges into
which infiltration coefficientsfdl.
Relates pay-back periods for weather-
sripping to height above ground leve.
Tabulates mean vaues of leskage
coefficient and flow exponent for
defective and non-defective sedant and
compares with values suggested in CIBS
Guide.

KEYWORDS window, high rise
building, component leskage, sedant,
westher-gripping

#NO 1739 Air leakagetestson
polyethylene membrane ingtalled in a
wood frame wall.

AUTHOR Shaw C Y.

BIBINF Ottawa: National Research
Council Canada, 1985. Building
Research Note No 225. 26p. 19 figs, 1
tab. in English

ABSTRACT Thisreport presents the
results of air leskage testson
polyethylene membranesingdled ina
framewal. The results would be useful
in eva uating the methods commonly
used for ingtdling such a component.
They can besummarized asfollows 1, a
6 mil polyethylene membrane was giffer
than a4 mil membrane and had a greeter
ar leskage rate through the joint, 2, the
best method for ingaling awal joint
was to have the two sheets of
polyethylene overlapped by about 400
mm, with the edges stapled to two
vertica studs, 3, the spline system was
too difficult to apply, especidly a the
corners, 4, taping and caulking the joint
did not produce an air-tight joint, and 5,
anew technique is needed to fasten the
edges of the polyethylene sheet to the
window frame and hold the edgesin
place.



KEYWORDS wood frame, vapour
barrier, component leskage, joint,
pressurization

#NO 1898 Air leakage of residential
buildings.

La permeabiliteal'air des batiments
d'habitation.

AUTHOR Moye C

BIBINF Cahiers du Centre Scientifique
et Technique du Batiment, livr 262,
cahier 2019, September 1985. 20p. 23
figs, 10 tabs. in French

ABSTRACT The development and
congtruction of portable test equipment
to determine air leskage has made it
possible to carry out measurements on a
large number of dwellings built usng
different congruction technologies. The
recording and andyss of the data
collected is presented in this paper. This
makes it possible to propose a method
for taking sealing defects into account in
the cdculation of ar infiltration of
dwellings

KEYWORDS air leskage, resdentia
building, component leakage,
pressurization, measurement technique

#NO 2143 Air leakage of residential
buildings.

La permeabiliteal'air desbatiments
d'habitation.

AUTHOR Moye C.

BIBINF CSTB Magazine No 43, Jan+
Feb 1986. p12-15. 2 figs. in French
ABSTRACT Describesthe
instrumentation and measurement
technique used by the CSTB to measure
the leskiness of resdentid buildings.
Reaults of the experiments are dso
presented.

KEYWORDS air |eskage, component
leskage, measurement technique,
insrumentation.

#NO 2628 Balanced fan
depressurization method for
measuring component and overall air
leakage in single and multi family
dwellings.

AUTHOR Reardon J T, Kim A K, Shaw
CY

BIBINF Preprint, Ashrae Trans, Vol 93,
Part 2, No 3062, 1987, 15p, 8 figs, 3
tabs, 6 refs. in English

ABSTRACT The bdanced fan
depressurization technique has been
gpplied to measure air leskage
characterigtics of row houses and
individua house tories. Controlled field
tests on two detached, two-storey houses
with full basements were carried out to
veify the condgstency of the method.
The technique was then used to measure
the air leakage rates of three row house
units and the storeys of two other
houses. The results were presented and
discussed.

KEYWORDS fan depressurization,
component leakage, air leakage, multi
family building, house, terraced house

#NO 2708 Air leakage measur ements
on full-scale construction.

AUTHOR Baker P, Vaentine G
BIBINF Bldg Serv Eng Res Tech,
8(1987), p69-71, 5figs, 5refs. in
English

ABSTRACT A techniquefor identifying
and measuring air leskage through the
fabric of buildingsis presented. The
leakage characterigtics of afew sdected
full-scde building detalls are illugtrated.
The data derive from both |aboratory and
real-world buildings, and indicate the
importance of design detailing and
congtruction of junctionsto control ar
leakage.

KEYWORDS air leakage,
thermography, measurement technique



#NO 2722 Thevalidation and
application of a portable
pressurisation test facility for the
measur ement of the flow
characteristics of background leakage
ar eas.

AUTHOR Baker PH, Sharples S, Ward
I C

BIBINF in: Third Internationa Congress
on Building Energy Management, 111
Ventilation, air movement and air
qudity: field measurement and energy
auditing, held in Lausanne, Switzerland,
September 28- October 2, 1987, p277-
284, 7 figs, 9 refs. in English
ABSTRACT The use of the
pressurization system, which is cgpable
of direct localised measurement can
greetly ad the identification and
quantification of individua background
leakage areas. The test uses the guarded
pressure box principle to measure the
arflow through a specified target under
pressurization. The whole room or house
IS pressurized using a blower door and a
measurement box, pressurized by an
auxillary fan, is placed over the target.
The latter fan, if adjusted to maintain a
zero pressure difference, between the
measurement box and the room,
compensates for any disturbance of the
leakage flow due to the presence of the
measurement box and the connected
volume flow meter. The resultant flow,
isthe leskage due only to the target area
at the pressure difference, maintained
across the building envelope.
KEYWORDS vdidation, pressurization
testing, leskage area, airflow, blower
door

3.4 Leak Detection Methods

#NO 208 The use of sound to locate
infiltration openingsin buildings.

AUTHOR Keast D.N. Pel H-S.
BIBINF Proceedings ASHRAE/DOE
Conference "Therma performance of
the exterior envelopes of buildings'
Horida, December 3-5, 1979 in English
ABSTRACT Suggests the use of sound
waves to locate openings in buildings
that dlow air infiltration. Reports results
of an experimental program, including
|aboratory tests of aspecidly
congtructed partition and field tests on
eight buildings. Finds that on average
openings that can be located acoudticaly
transmit sound that is about twice as
loud as that through adjacent, seded
locations. Laboratory studiesindicate
that the sound level increase through a
leakage opening is roughly corrdated
with the logarithm of the locd arflow
rate when a steedy differentia pressure
is established across the partition.
Concludes that acoustic lesk location is
most useful in buildingsthat are
draughty but workslesswdl in tight
well insulated buildings. It isasmple
and inexpensive method for finding
hidden openings, needing no pressure or
temperature differentids across the
building envelope.

KEYWORDS air leskage, air
infiltration, ingtrumentation, sound

#NO 375 Thermography. Testing of
thethermal insulation and
airtightness of buildings.

AUTHOR Petterson B. Axen B.
BIBINF Swedish Council for Building
Research D5. 227p. 20tabs 128 figs 21
refs. in English

ABSTRACT Discussesin generd terms
energy consumption and energy
requirements and the testing and
checking of buildings. Gives principles
of thermography and discusses the
influence of various parameters on the
thermography of buildings. Gives rules



for interpretation of thermograms and
use of comparative thermograms. Gives
examples of comparative thermograms
for common defectsin insulaion and
artightness, and actual cases where
certain congtructions and components
were examined. Shows effectiveness of
improvements made to remedy certain
types of defectsin insulation and air
tightness. Reports results of agenerd
survey to find systematic defectsin
insulation and artightness. Recommends
preparations to be made before
measurement and indicates a suitable
procedure for the thermography of
buildings. Givesabrief history of the
gpplication of thermography to
buildings.

KEYWORDS thermography, air
leskage, insulation

#NO 683 Listening for air leaks- How
to spot infiltration with your ears.
AUTHOR Bolon P.

BIBINF Popular Science February 1981
p38,40 in English #AIC 332
ABSTRACT Describes use of an
acoustic method developed by Keast to
detect air leaks. A loud source of sound
is placed indgde the building and a
microphone, stethoscope, rubber hose or
sound meter is used to detect places
where an increase in sound indicates air
leskage. Finds method is effectivein
detecting smple leaks but will not spot
complex paths through walls.
KEYWORDS sound, air leakage, house

#NO 1090 Some practical aspectson
theinfra-red thermography of
buildings.

AUTHOR Siviour JB.

BIBINF ECRC Rep.N0.1483 October
1981 6pp. in English

ABSTRACT lllustrates some practicd
aspects of the use of one IR cameraand

associated equipment discusses some of
the problemsin interpretation of some
pictures representing temperatures of the
indde and outside surfaces of buildings
particularly problems dueto resdua
effects of the sun on externd surfaces,
reflection of sunlight into the IR camera,
dorage of heat fromthesuninwals,
and cold spotsinside abuilding caused
by heet loss by thermd bridges or cold-
ar infiltration.

KEYWORDS thermography,
indrumentation

#NO 1573 Infrared detection of leaks.
Infrarood detectie van lekken.
AUTHOR Schurer K.

BIBINF Koetechniek, May 1983, Vol
76, No 5, p96-98, 1 fig, 5 refs. in Dutch
ABSTRACT Didinguishestwo
categories of lesks in buildings for cold
dorage. Thermd lesks through parts of
the congtruction with poor thermal
insulation and air lesks through openings
inthewadls dlowing amore or lessfree
flow of ar. Outlines principles of
infrared radiation and thermography.
Discusses gpplications for both types of
leaks. Under the conditions of high
emissvity of the surface to be studied,
and absence of local heating or cooling
(sun, wind, rain), thermography isan
effective method for the detection of
thermal leaks and a powerful tool for
locdizing ar lesks.

KEYWORDS thermography, air
leakage, wdl, commercid building

#NO 2038 Acoustic L ocation Of
Infiltration Openings In Buildings,
AUTHOR Keagt, D. N.,

BIBINF Cambridge, MA, ,, Brookhaven
National Laboratory Report 50952, pp 1-
144, BNL 50952, National Technical
Information Service U.S. Department of



Commerce, Springfidd, VA 22161, in
English

ABSTRACT Unnecessary air
infiltration, draftiness, in buildings can
be amgor cause for excessve energy
consumption. A method for using sound
to locate, for subsequent sedling, the
openings of ar infiltration leskage paths
in buildings has been investigated. The
results of pertinent anaytica studies,
laboratory experiments, and field
goplications of this acoudtic location
method are reported, and aplanis
provided to encourage nationa
implementation of the method. Low-
cog, readily available equipment and
procedures are described whereby the
average building contractor or
homeowner can use acoustic leak
location to pinpoint many of the air
infiltration openingsin a building.,
KEYWORDS air infiltration, sonic
techniques, sound, air leakage,
insrumentation

#NO 2630 Test ventilation with smoke,
bubbles and balloons.

AUTHOR Pickering PL, Cucchiara A
L,etd

BIBINF Preprint. Ashrae Trans, Vol 93,
Part 2, NT-87-01-3, 1987, 9p, 6figs, 6
refs. in English

ABSTRACT The behaviour of smoke,
bubbles, and helium-filled balloons was
videotaped to demongtrate the mixing of
ar in the plutonium chemigtry
|aboratories of a plutonium facility. The
ar digribution patterns, asindicated by
each method, were compared. Helium
filled balloons proved more ussful than
bubbles or smoke in the visudization of
arflow patterns. The replay of various
segments of the videotape proved useful
in evauaing the different techniques

and inidentifying arflow trends
respongble for ar mixing.
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KEYWORDS airflow, measurement
technique, smoke

#NO 5119 The use of acoustic
intensimetry to size air leakage cracks.
AUTHOR Oldham D J, Zhao A

BIBINF Air Infiltration Review, Vol 20,
No 3, June 1991, pp 7-9, 3 figs, 3refs.in
English

ABSTRACT The sound intensity
technique and reverberant sound
excitation have been used for the
measurement of sound transmission loss
through narrow ditsin rigid wals. As
predicted by theory, the dimensions of

the apertures determine the magnitudes
and resonant frequencies of the sound
transmisson loss curves. It should thus

be possblein principleto sze air

leakage cracks using the technique
described in this paper.

KEYWORDS measurement technique,
air leskage, crack

#NO 5324 The use of acoustic
intensmetry to size air leakage cracks.
AUTHOR Oldham D, Zhao X, Sharples
S, KulaH-G

BIBINF UK, AlVC 12th Conference,
"Air Movement and Ventilation Control
within Buildings', hed 24-27 September
1991, Ottawa, Canada, proceedings
published September 1991, Volume 3,
pp 307-318. in English

ABSTRACT Reverberant sound
excitation and the sound intensity
technique have been used for the
measurement of the sound transmission
lossof narrow ditsinrigid wals. A
series of experiments was conducted to
determine the tranamission loss of dit
shaped apertures. The measured
transmission loss was in good agreement
with exigting gpproximate theories over
their accepted ranges of validity.
However, the effect of viscodty in smadll



apertures was found to be sgnificant and
to vary sysemdicdly with the
dimensions of the gpertures. As
predicted by theory, the dimensions of
the gpertures determine the magnitudes
and resonant frequencies of the sound
transmission loss curves. It should thus
be possblein principleto Sze ar
leakage cracks usng the technique
described in this paper.

KEYWORDS air leakage, crack,
measurement technique

#NO 5384 House tightening manual
for homeownersand weatherization
contractors.

AUTHOR Anon

BIBINF USA, Bonneville Power
Administration, 31 October 1985, 51pp,
12 refs. in English

ABSTRACT Aimed a wesatherization
contractors, homeowners and others, this
isaguideto location and repair of magor
resdentia ar infiltration sources, based
on the experience of professond "house
doctors', usng trained visua ingpection
techniques. The manud isaresult of the
Regdentid Air Infiltration Leskage
Repair Project conducted for BPA
during 1983 and 1984. A magjor purpose
of this study was to determine the cost
effectiveness of ar leskage repairs done
without test equipment or highly
specidized labor. The sudy was carried
out by repairing leaks and testing the
reductions in leskage on 40 electric
heated site-built Sngle family homes
representative of Pacific Northwest
housing. The homes tested were in Bend,
Ashland, and Portland, Oregon. On each
test home, a sequence of repairs was
performed, with aleakage test before
and after each repair. The materia costs
and repair time for each repair were
recorded. In this fashion, both the cost
and effect of avariety of lesk repairs

were determined. During the repair
sequence, the initid group of leskson
each home was |located and repaired
without test equipment. After the repair
crew had done their best without test
equipment, they then used test
equipment (ablower door and smoke
dick) to see what sgnificant lesks they
had missed, and whether the repairs had
been done properly.

KEYWORDS air tightness, retrofitting,
residentia building

4.0 Air Exchange and
Ventilation Effectiveness
Measurements for Simple
Systems: Single-Zone Tracer
Gas Measurements

Standard test method for determining
air change in a single zone by means
of atracer gasdilution.

AUTHOR ASTM

BIBINF USA, American Society for
Tegting and Materids, E 741-00, 16pp.
ABSTRACT Test method describes
techniques using tracer gas dilution for
determining asingle zones air change
with the outdoors, asinduced by weather
conditions and by mechanica

ventilation. The techniques are 1)
concentration decay, 2) constant
injection, ad 3) constant concentration.
KEYWORDS standard, tracer gas

4.1 Tracer Decay

#NO 1272 Evaluation of evacuated
glasstubesfor sampling of SF6/Air
mixturefor air exchange

measur ements.

AUTHOR TamuraG.T. EvansR.G.
BIBINF ASHRAE Jnl. vol.25 no.10
p.40-43 3 figs. 2 tabs. 4 refs. in English
ABSTRACT Grab sampling of atracer
gas/ar mixture in conjunction with the



tracer gas decay techniqueisa
convenient method for conducting a
survey of ar infiltration ratesin homes.
Examines such amethod, usng SF6 as
the tracer gas and storing the
concentration in evacuated glass tubes.
KEYWORDS tracer gas, decay rate,
measurement technique, sulphur
hexafluoride

#NO 1944 Rapid thermal calibration
of houses.

AUTHOR Everett R

BIBINF Milton Keynes, UK:Energy
Research Group, Open University,1985.
ERG 055. 200p. figs, tabs, 6 refs. in
English AIVC bk

ABSTRACT Presents a detailed
description of the measurement
technique and apparatus used to measure
the air change rate in the Spencer & and
Linford low-energy housesin Milton
Keynes, UK. An autométic air
infiltration rig using nitrous oxide tracer
gas constant decay was used. Air
leakage was a so measured by
pressurization for the Linford houses and
some from the neighbouring Pennyland
project.

KEYWORDS air changerate, air
leskage, measurement technique,
automatic equipment, nitrous oxide,
tracer gas, decay rate, pressurization

#NO 2536 Microcomputer-aided
measurement of air changerates.
AUTHOR Heidt F D, Werner H
BIBINF Energy Bldgs, Vol 9, 1986,
p313-320, 8figs, 10 refs. in English
ABSTRACT Air changerates are
measured by a non-dispersive one-beam
IR gas analyser using the decay and
congtant-emission methods with nitrous
oxide astracer gas. Disturbing
influences due to H20 and CO2 are low.
The andyzer is coupled viaaRS-232-C
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interface to a microcomputer, which is
programmed to service the following
functions: (1) cdibration, (2) preparation
and control of measurements, (3)
recording, displaying and storing of data,
(4) evauation of results, and (5) error
andysis. The implemented programs
provide an instant access to results. The
whole equipment isingtalled in compact
form on amobile rack. Measurements
have been taken in auniversity
laboratory to examine air change rates
with (1) closed door and window, (2)
open door only, and (3) tilted window
only. Typica results are given and show
where the decay method or the constant-
emission method is more appropriate.
KEYWORDS computer, measurement,
ar change rate, decay rate, constant
emission, tracer gas, nitrous oxide, door,
window, ingtruments

#NO 4072 Improving an IR tracer gas
analyser by digital filtering.
AUTHOR Skotte J, Breum N O,
Schneider T

BIBINF UK, Building and Environment,
Vol 25, No 2, 1990, pp151-154, 4 figs, 1
tab, 12 refs. in English

ABSTRACT An dgorithm is described
by which the time between samples can
be gresatly reduced in amultipoint
measuring system with an infrared gas
andyser. Normaly such asysemiis
rather dow dueto the large cuvette
volume of the andlyser. By using a
smple correctiond agorithm the sample
period can be reduced from
approximately 30-45sto 10-15 s
without substantial loss of precison. It is
required that the airflow through the
andyser is maintained congtant. The
dgorithm is derived using adigitd filter
designing technique.

KEYWORDS instruments, measurement
technique, tracer gas



#NO 4117 Mapping indoor air
movements with atracer gas
technique.

AUTHOR Afonso C F A, Mddonado E
AB

BIBINF Netherlands, Kluwer Academic
Publishers, 1990, proceedings " Second
European conference on architecture,
Science and technology &t the service of
architecture”, held Paris, France, 4-8
December 1989, ppl134-137, 5figs, 11
refs. in English

ABSTRACT This paper describes how
the tracer decay method was used to map
al indoor arflowsin a passive solar
resdencein Porto. A specific analyss of
the influence of the firgplace chimney
was made, showing that it accounted for
a50% increase in ar exchange rate, and
that indoor air movements were strongly
affected in both magnitudes and
directions.

KEYWORDS air movement, tracer gas

#NO 4211 Determining delivered
guantitiesof outside air: CO2, tracer
gasor both?

AUTHOR Turner W A, Bearg D W
BIBINF in: The human equation: hedlth
and comfort proceedings IAQ 89,
ppll7-121, 2figs, 2 tabs, 7 refs.in
English

ABSTRACT Aspart of an indoor air
qudity investigation protocol, a mgor
focusis frequently a determingtion of the
quantities of outside air (OA) actudly
being delivered to the occupants of a
building. This quantity isafunction of
both the quantity of OA takenin at the
OA dampers and the effectiveness of the
HVAC sysgem in ddivering thisarr to
the people. In this paper, theratio of the
ar quantity entering the OA dampers
and the outside air quantity ddivered to
the occupantsisreferred to asthe

ventilation efficiency (others have
suggested this be cdlled ventilation
performance). Often, it is desirable to
know this vertilation efficiency in order
to determine if improvementsin the
ddivery efficiency are warranted.
Mesasurement of both the delivered
quantities of outsde ar and the
efficency of the ventilation sysem is
especidly important in light of various
protocols for design options, which are
contained in proposed ASHRAE
Standard 62-1981R, "Ventilation for
Acceptable Indoor Air Qudity”. The two
principd tools currently utilized for
evauating the quantity of outdoor ar
(OA) ddlivered to the occupants of a
building are the measurement of carbon
dioxide (CO2) concentrations and the
measurement of tracer decay rates usng
sulfur hexafluoride. These two methods
have aso been utilized by the authors
and other researchersto assess the
efficiency of outdde ar ddivery. Each

of these techniques hasits own set of
advantages and disadvantages, but the
performance of the two together tends to
cancel out some of the weaknesses of
each. Therefore, whenever possible, the
authors have performed both procedures
Sde by side to maximize the precison
and the accuracy of the results. This
paper discusses some of the issues raised
by the results that have been obtained
and presents suggestions for minimizing
errorsin the interpretation of the test
results.

KEYWORDS outdoor air, carbon
dioxide, tracer gas

#NO 4486 Thefeasbility of achieving
necessary initial mixing when using
tracer gasdecaysfor ventilation
measur ements.

AUTHOR AlevantisL E, Hayward SB



BIBINF Canada, Indoor Air '90,
Proceedings of the 5th Internationa
Conference on Indoor Air Qudity and
Climate, Toronto, 29 July -3 August
1990, Volume 4 "Building and Sysem
Assessments and Solutions', pp 349-
354. in English

ABSTRACT Thedegree of initid
mixing of tracer gas with building ar
was examined in four office buildings by
using the tracer decay method both at
low and at high ventilation rates. The
results indicate that the tracer gas mixed
wel with building ar a low vertilation
rates (0.5 air changes per hour), but that
a high ventilation rates (1.0 air changes
per hour or above) good initia tracer gas
mixing conditions were not achieved on
aconsgent bass.

KEYWORDS tracer gas, decay rate,
ventilation rete

#NO 4786 Practical determination of
air change. Automated acquisition of
measur ed data from the exchange of
room air under different flow
conditionsin theroom. (Part 2)
Praktische L uftwechseler mittlung.
Automatisierte M esswer terfassung des
Raumluftwechselsunter

ver schiedenen
Strumungsbedingungen im Raum - 2.
Tail.

AUTHOR Lobeck W, Masuhr F
BIBINF Germany, HLH, Vol 41, No 12,
1990, pp 1051-1056, 4 figs, 8 refs. in
German

ABSTRACT The 14 part of thisarticle,
in HLH 11/90, gave a description of the
tracer measuring method to determine
the exchange of air in rooms. In part 2,
the automated acquidtion of the
exchange of room air under different
flow conditionsin the room are
gpecified. Comparative assessments are
made under different flow conditions

61

between the results based on the tracer
decay method and blower induced air
exchange, and statements are a'so made
on the number of outlet points required.
The mogt suitable trid variant is
determined and its advantages specified.
The measured concentrations (CO2
tracer) are determined with an infra-red
gas andyzer, which is coupled with a
small computer. The prepared software
permits control of the measuring
sequence, data acquisition, its protection
and evauation.

KEYWORDS air change rate, tracer gas

#NO 5688 Estimation of zone effective
volume using tracer-gas techniques.
AUTHOR Riffat SB, Cheong K W
BIBINF UK, Loughborough University
of Technology, Dept of Civil
Engineering, [1992], 12pp. in English
ABSTRACT The concentration-decay
and pulse-injection tracer-gas techniques
were used to evauate the effective
volume of azone, Measurement of
arflow rateswere carried out in an
environmenta chamber using SF6 asthe
tracer gas. Results showed the flow rate
edimated from the concentration-decay
technique is about 4.5 to 14.3% higher
than actud flow rateif the effective
volume of the chamber is assumed equd
to the physicad volume. The effective
volume estimated from tracer-gas
measurements was found to be about 1.5
to 2.7% higher than the physical volume
of the chamber.

KEYWORDS tracer gas measurements,
sulphur hexafluoride, airflow

#NO 5866 Errorsin the calculation of
ventilation flow rates.

AUTHOR BrounsC

BIBINF UK, Coventry Polytechnic,
Dept of Civil Engineering and Building,
Dissertation, May 1989, 69pp. in English



ABSTRACT This project investigates
the effect of rounding errorsin the
cdculaion of ventilation flow rates. The
flow rates are determined from the
concentrations of contaminant which are
messured in atracer decay experiment.
As shown in the present dissertation, the
introduction of rounding errors leads to
substantid changesin the find flows.
Experimenta errors are expected to be
larger than rounding errors and
therefore, they would produce greater
errors in the computed flows. The am of
thisresearch isto find away of
measuring these errors, and as shown
later, the condition number used in this
report is not a satisfactory measure of
these errors.

KEYWORDS ventilation rate, arflow,
pollutant

#NO 6771 Tracer gas mixing with air.
AUTHOR Shao L, SharplesS, Ward | C
BIBINF UK, Building Serv. Eng. Res.
Technal., Vol 14, No 2, 1993, pp 43-50,
3figs, 5tabs, 12 refs. in English
ABSTRACT The tracer gas method is
one of the most widely used methods for
measuring flow rates for building air
infiltration and ventilation. The accuracy
of this method depends vitaly on the
gpatid uniformity of the tracer/air

mixing. However, information on this
critica problem has been scarce, largdly
due to the practicd difficulty in
experimentally obtaining data. In the last
decade a new tool for building research
has emerged, namdy computationd

fluid dynamics or CFD. A study of
tracer/air mixing has been carried out
using atime dependent CFD method,
supported by conceptud/dimensiond
andyss. In thisstudy, 12 cases of
tracer/air mixing in smulated tracer
decay tests were computed. Each case
hed a different zona volume or other
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boundary or initid conditions. By
comparing these reaults, it was found
that there were many factors affecting
tracer/air mixing and, contrary to a
previous report, there does not exist a
universd criticd value of air changerate
below which stisfactory mixing is
guaranteed, dthough lower air change
rates are generdly benefica to mixing.
In addition, it has been demongtrated
that smdler building zones and higher
inlet arflow velodities have pogtive
effects on tracer/air mixing while the
initia tracer concentration level has no
effect. Finadly agatistica parameter of
concentration spread coefficient for
assessing tracer mixing has been
introduced.

KEYWORDS tracer gas, mixing, air
change rate, computationa fluid
dynamics

#NO 7746 Tracer gas mixing with air:
effect of tracer.

AUTHOR L Sheo & SB Riffa
BIBINF UK, Universty of Nottingham,
Building Technology Group, 1994,
21pp, 7figs, 10 refsin English
ABSTRACT The accuracy of tracer gas
method depends vitaly on the spatid
uniformity of tracer/air mixing, which in
many casesis unsatisfactory. However,
information on this critical problem has
been scarce, largely due to the practical
difficulty in experimentally obtaining
data. This paper presents a study of the
effect of tracer species on tracer mixing,
using atime dependent CFD method. It
was found thet for Sngle-zone tracer
decay tests, three tracer-gases, sulphur
hexafluoride, nitrous oxide and carbon
dioxide have virtudly identical mixing
patterns and thus there is no difference
between them in terms of airflow
messurement results. However, for
multi-gas tests where thereisinterzond



tracer movement, the tracer-gaseswith
different binary diffusivities exhibit
sgnificantly different mixing behaviour.
In these Situations, the choice of tracer
will impact the accuracy of arflow
measurement. These results support
recent experimenta findings concerning
the gnificant effect of tracer gpecieson
arflow measurement.

KEYWORDS Tracer gas, mixing,
computationd fluid dynamics

#NO 8013 I nvestigation of effect of
tracer species on tracer mixing using
CFD.

AUTHOR Riffat SB, Shao L

BIBINF UK, Air Infiltration and
Ventilation Centre, 1994, "The Role of
Ventilation”, proceedings of 15th AIVC
Conference, held Buxton, UK, 27-30

September 1994, Volume 2, pp645-654.

ABSTRACT Tracer-gastechniques are
widdy used for measurement of airflow
in buildings and their accuracy depends
criticdly on the uniformity of tracer/air
mixing. However, tracer mixing is il

an unsolved problem and the effect of
many factors remains unclear. This
paper presents a study of the effect on
mixing of tracer species. The
investigation concentrated on tracer
mixing involved in the decay technique,
which isthe most widdly used version of
the tracer gas method. The distribution
and history of tracer concentration
during airflow messurements were
examined usng Computationd Huid
Dynamics (CFD). It was found thet for
dngle-zone tracer decay tests, three
tracer gases, sulphur hexafluoride,
nitrous oxide and carbon dioxide have
virtudly identica mixing patterns and
thus there is no difference betweenthem
in terms of flow rate measurement
results. However, for multi-tracer gas
testswhere thereisinterzona tracer

movement, the three tracer gases with
different binary diffusivities exhibit
sgnificantly different mixing behaviour.
In these Stuaions, the choice of tracer
will impact the accuracy of arflow
measurement.

KEYWORDS tracer gas, computational
fluid dynamics, arflow, measurement
technique

#NO 8443 Deter mination of outdoor
air quantities delivered.

AUTHOR Bearg D W, Turner W A
BIBINF Building sysems - room air
contaminant distribution 5-8 December
1988, University of Illinois, Ashrae
1989, Ed Chrigtianson L L, pp 106-108,
2 refs,

ABSTRACT Aspart of an indoor air
quality investigation protocol, the
quantities of outside air being ddivered
to the occupants of a building frequently
need assessment. Methods often used for
thistask include tracer decay
assessments and the measurement of
indoor CO2 levels, assumed to be
generated by the occupants. This paper
presents data from buildingsin which
both CO2 measurement and tracer gas
decay were performed separately or
smultaneoudy to assess the amounts of
outsde air reaching the occupants. The
methods are explained, and
discrepancies in the results of the two
methods are discussed. "Ventilation
efficiency” (the ddlivery of outdde ar to
the occupied space vs. the quantity of
outsde air brought in at the air intake)
protocols are suggested that are expected
to minimize errors in the correct
interpretation of the results, and further
research needs are discussed.
KEYWORDS outdoor air, ventilation
system



#NO 12111 Effect of data logging

frequency on tracer gas measurement.

AUTHOR LeeH, Awbi HB

BIBINF Sweden, Stockholm, KTH
Building Services Engineering, 1998,
proceedings of Roomvent 98: 6th
International Conference on Air
Digribution in Rooms, held June 14-17
1998 in Stockholm, Sweden, edited by
Elisabeth Mundt and Tor-Goran
Mamstrom, Volume 2, pp 477-482, 8
figs, refs.

ABSTRACT A dataacquisition sysem
which uses a computer provides amore
useful andyss sysem. Since the
processing speed of acomputer is
continuoudy increasing, the
measurements can produce much more
information than it is possible usng
conventiona data acquisition systems.
However, the raw measurements aso
include the Sgnd noise which many leed
to difficulty when the Sgnd is andysed.
Thiswork assesses an dgorithm for
removing possible sgnd noise, usudly
with high-frequency, from the
measurement of tracer gas concentration.
The code, written by the authors,
contains three main parts: fast-Fourier
transformation (FFT), inverse fast-
Fourier transformation (IFFT) and a
digitd filter. In this method, the raw data
istransformed usng FFT from time-
domain into frequency-domain. The
digitd filter, so-called Notchfilter, then
sdects the required sgnd without the
high frequency noise. Findly IFFT
conducts inverse transformation from
frequency-domain to time-domain with
the frequency data selected by thefilter
and yields a smoothed time-domain
sgnd back.

Using thistechnique, the digitd filtering
agorithm provides the measurement
data without the high frequency noise. It
has been found that 1 Hz of sampling

rateisfast enough to monitor the
variation of tracer gas concentration in
mode experiments.

KEYWORDS tracer gas, measurement
technique, moddlling

#NO 13303 Pre-Processor for
Ventilation M easurement Analysis
AUTHOR Heekwan Lee and Hazim B.
Awbi

BIBINF Proceeding of Seventh
International conference on Air
Didribution in Rooms (ROOMVENT
2000), Reading, UK, Val. 1, pp.355-360,
(Ed. H.B. Awbi), Elsevier.
ABSTRACT Itiswdl known that the
introduction of tracer gas techniquesto
ventilation studies has provided much
useful information thet used to be
unattainable from conventiond
measuring techniques. Data acquigition
systems (DA Ss) containing andog-to-
digitd (A/D) converters are usualy used
to perform the key role which isreading
and saving Sgnasto soragein digita
format. In the measuring process, there
are anumber of componentsin the
measuring equipment which may
produce system-based noise fluctuations
to the fina result. These unwanted
fluctuations may cause discrepancy in
computations, especidly when non-
linear dgorithms are involved.

In this study, a pre-processor is
developed and used to separate the
unwanted fluctuations (noise or
interference) in raw measurements and
to reduce the uncertainty in the
measurement. Moving average

Notch filter, FIR (Finite Impulse
Response) filters, and IR (Infinite
Impulse Response) filters are designed
and applied to collect the desired
information from the raw measurements.
Tracer gas concentrations are measured
during leskage and ventilation testsin a



model test room. The sgnd andysis
functions embedded in Matlab are used
to carry out the digital Sgnd processing
(DSP) work.

KEYWORDS Tracer Gas Measurement,
Digitd Signa Processing, Correlation
Anadyss, Signad Noise, Air Leskage

4.2 Pulse Injection

#NO 3121 Integral mass balances and
pulseinjection tracer technique.
AUTHOR Axley J, Parsly A

BIBINF in: "Effective Ventilation”, 9th
AIVC Conference, Gent, Belgium, 12-
15 September, 1988. in English
ABSTRACT Tracer gas techniques for
measuring arflow ratesin building
systems are considered. These
techniques are classfied in terms of
tracer gas injection strategy employed
and mass balance relationships used to
anayze measured tracer concentration
data. The discussion focuses on one
class of tracer techniques - the pulse
injection techniques - based upon pulse
injection drategies and integra mass
balance rdationships. These pulse
injection techniques have not been
commonly used in the past yet they
provide practicaly ussful means for the
determination of arflow ratesin
building sysems. Pulse injection
techniques are presented for measuring
airflowsin ducts, and for sudying
gngle-zone and multi-zone building
arflow sysems. Experimenta
procedures for these three cases are
discussed, and preliminary results from
field applications of these techniques are
presented. The possibility of flow
variation is accounted for in dl cases,
and the sengitivity of the Sngle-zone
pulseinjection technique to these flow

variationsis compared to that of the
dangle-zone congtant injection technique.
This comparison leads to integral
formulations of the congtant injection
technique for duct, single-zone, and
mullti-zone Situations that may provide
means to improve the accuracy of the
commonly used congtant injection tracer
technique.

KEYWORDS tracer gas, airflow,
measurement technique

#NO 3433 Integral mass balancesand
pulseinjection tracer techniques.
AUTHOR Axley J, Persily A

BIBINF US Dept of Commerce, NISTIR
88-3855, October 1988, 31pp, 1 tab, 16
figs, 30 refs. in English

ABSTRACT Tracer gas techniques for
measuring arflow ratesin buildings are
considered. These techniques are
classfied in terms of tracer gasinjection
strategy employed and mass balance
relationships used to analyze measured
tracer concentration data. The discusson
focuses on one class of tracer
techniques- the pulseinjection
techniques - based upon pulseinjection
drategies and integral mass baance
relationships. These pulse injection
techniques have not been commonly
used in the past yet they provide
practicaly useful meansfor the
determination of airflow ratesin

building systems. Pulseinjection
techniques are presented for measuring
arflowsin ducts, and for studying

angle- zone and multi-zone building
arflow sysems. Experimenta
procedures for these three cases are
discussed, and preliminary results from
field gpplications of these techniques are
presented. The possihility of flow
vaiation is accounted for in al cases,
and the sensitivity of the Sngle-zone
pulse injection technique to these flow



vaiationsis compared to that of the
sangle-zone congtant injection technique.
This comparison leads to integral
formulations of the congtant injection
technique for duct, single-zone, and
mullti-zone Situations that may provide
means to improve the accuracy of the
commonly used congtant injection tracer
technique.

KEYWORDS airflow, infiltration, tracer
gas, vertilation

#NO 3573 A comparison between the
step-up, step down and pulseinjection
techniquesfor the measur ements of
the mean age of air.

AUTHOR NiemdaR, Saamanen A,
KoshelaH

BIBINF in:UK, AIVC, 10th AIVC
Conference, held at Espoo, Finland, 25-
28 September 1989, Volume 2, February
1990, ppl17-30, 16 figs, 20 refs. in
English

ABSTRACT A comparison of three
injection manners, sep-up, step-down
and pulse, for determination of the mean
age of ar was made by using nitrous
oxide and sulphur hexafluoride as tracer
gases. The concentrations of nitrous
oxide and sulfur hexafluoride were
smultaneoudy measured with a dua-
channd |IR-andyzer. Tests were carried
out in atest chamber with air change
rates of 3h-1 and 5 h-1. The tracer gases
were injected under three conditions:

into the inlet air and directly into the
room with and without extra mixing

fans. The results suggest that the pulse
procedure is as reliable as the two other
methods used.

KEYWORDS tracer gas, modd,
measurement techniques

#NO 3694 Theair exchange efficiency
of alecture hall.
AUTHOR Breum N O

BIBINF Reprinted from: Ventilation '88,
Proceedings of the Second International
Symposium on Ventilation for
Contaminant Control, 20-23 September
1988, London, UK, pp373-380, 3figs, 1
tabs, 15 refs. in English

ABSTRACT Theairflow petternin a
lecture hal (V=690m3) designed for
displacement ventilation was
characterised by age andysisin the case
of anornoccupied hal aswdl asan
occupied hdl. The ventilationsystem
was dightly (17%) unbaanced. For
comparison the following three
experimentd 9gnd-response tracer gas
techniques were applied: "step-up’,
"decay” and pulseinjection. The mean
ages of ar estimated by the "decay”
technique were devated (1-23%)
compared to the results of the "step-up’
method. Generaly the pulse technique
estimated the lowest mean ages. The
edimated air exchange efficiency of the
non-occupied hall was 50%, and for the
occupied hdl the efficiency was
estimated to be 60%.

KEYWORDS air changerrate, large
building

#NO 5688 Estimation of zone effective
volume using tracer-gas techniques.
AUTHOR Riffat SB, Cheong K W
BIBINF UK, Loughborough University
of Technology, Dept of Civil
Engineering, [1992], 12pp. in English
ABSTRACT The concentration-decay
and pulse-injection tracer-gas techniques
were used to evauate the effective
volume of azone, Measurement of
arflow rateswere carried out in an
environmenta chamber using SF6 asthe
tracer gas. Results showed the flow rate
estimated from the concentration-decay
technique is about 4.5 to 14.3% higher
than actud flow rateif the effective
volume of the chamber is assumed equa



to the physicad volume. The effective
volume estimated from tracer-gas
measurements was found to be about 1.5
to 2.7% higher than the physica volume
of the chamber.

KEYWORDS tracer gas measurements,
sulphur hexafluoride, airflow

#NO 5845 9th A1V C Conference:
Effective ventilation: Proceedings
Volume 1.

AUTHOR Air Infiltration and
Ventilaion Centre

BIBINF UK, Air Infiltration and
Ventilation Centre, 9th AIVC
Conference proceedings Vol.1, held
Novotel Hotdl, Gent, Belgium, 12-15
September, 1988, 439pp. in English
ABSTRACT Twenty three papers form
the ninth AV C Conference, titles as
follows Keynote speech: Air Irfiltration
and Ventilation, Natura arflows
between roof, subfloor and living spaces,
Experimentd andysis of ar diffusonin
large space, Determination of ventilation
efficiency based upon short term tests,
Ventilation dtrategies in the case of
polluted outdoor air situations,
Ventilation generated by afluctuating
pressure differentid, Air motion in the
vianity of air-supply devices for
displacement ventilation, Integral mass
bal ances and pulse injection tracer-
techniques, Commercid building
ventilation measurements usng multiple
tracer gases, Congtant concentration
messurement with 2 tracers, Extended
tegting of amultifamily building usng
constant concentration and PFT
methods, Anayss of errorsfor afan
pressurization technique for measuring
inter-zond air leskage, Theuse of a
guarded zone pressurization technique to
measure airflow permegbilities of a
multi-zone building, Air leekage
between gpartments, Air infiltration
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induced by hesting appliances, Indoor
formadehyde levels in energy-efficient
homes with mechanica ventilaion
systems, Recirculation of ar in
dwellings, Effective vertilation in
offices - the occupant's perspective, A
ventilation concept for future dwelling-
houses, Naturd ventilation for a Crown
court: developing Statistical assessment
techniques at the design stage, Market
andysis of sensorsfor the usein demand
controlled ventilating systems,
Ventilation design for a bus gation,
Vertilaion and ar qudity in Belgian
buildings. a gate of the art.
KEYWORDS ventilation effectiveness,
ventilation system

#NO 9649 Outdoor air delivery rates
to occupants and age of air.
AUTHOR Li Z, Zhang J S, Chrigtianson
LL,KupRN, SparksL E

BIBINF USA, Ashrae Transactions, Vol
102, Pt 2, 1996 [preprint], 4 figs, 2 tabs,
refs.

ABSTRACT A smple and accurate
technique to directly measure the
outdoor ar delivery ratesto building
occupantsis presented. A few (two to
three) measurements of tracer
concentrations are sufficient for
cdculation. Experimental results show
that the caculated outdoor air change
rates from the tracer gas experiments
agreed well with the outdoor arflow
rates measured independently by
nozzles. A relaionship between the loca
outdoor air exchange rate and the mean
age of air was derived. The proposed
technique provides away of smplifying
the measurement of mean age of air and
correcting experimenta errors.
Experimentd results show that dmost

dl the errorsin the mean age of air (a
maximum of 20% in our tests) caused by
inaccurate timing of the start of atracer



gas step-up process (tracer buildup) can
be corrected by the proposed method.
The underestimated ages of air in the
step-down processes (tracer decay) were
als0 successfully corrected.
KEYWORDS outdoor air, occupant
reaction, tracer gas, air change rate

#NO 11930 The principlesof a
homogeneous tracer pulse technique
for measurement of ventilation and
air digribution in buildings.
AUTHOR StymneH, Boman C A
BIBINF in: UK, Air Infiltration and
Ventilation Centre, proceedings of
"Ventilaion Technologiesin Urban
Aress', 19th Annua Conference -
Supplement, held Odo, Norway, 28-30
September 1998.

ABSTRACT The principles of anew
tracer gas technique is described in the
paper. The new technique involves pulse
injection of tracer gas and has the same
advantages as the previoudy known
homogeneous emisson technique. It can
for example advantageoudy be used in
large buildings and buildings with many
rooms and yidds information on the
didribution of ventilation ar within the
building. However, contrary to the
homogeneous emission technique,
yielding the average ventilaion
performance during an extended time,
the new technique alows measurement
during short term periods. The new
technique is based on homogeneous
pulse injection, which means that pulses
of tracer gas areinjected in each zonein
azone-divided building, with amounts
which are proportiona to the zone
volumes and integrating sampling of
tracer gas concentration. Theoretica and
practical aspects of the technique are
described.

KEYWORDS tracer gas, air distribution

4.3 Constant Injection

#NO 1653 A modified tracer gas
infiltration method for usein a
residential indoor air
quality/weatherization study.
AUTHOR TotzkeD. et d.

BIBINF Indoor Air. Val 5. Buildings,
Ventilation and Thermd Climate. Edited
by B Berglund, T Lindval, J Sundell.
Swedish Council for Building Research,
1984. 459-464, 8 refs. in English AIVC
bk

ABSTRACT As pat of astudy to
evauate the effects of home
wegtherization on indoor ar qudity, a
tracer gas method to determine
infiltration rates was devel oped by
modifying existing methods to meet
severd project congraints. A method
was needed that did not involve
occupant participation, required only a
amdl amount of time from the fied
investigators, and had to be fabricated
from rugged, low cost materias that
could be easlly transported. The method
developed is based on the continuous
release of pure sulfur hexafluoride (SF6)
from a cylinder and the trandfer of
indoor air to astorage bag. The
collection bags were andyzed for SF6
concentration by gas chromatography
using an electron capture detector. The
concentration of SF6 aong with tracer
release rates and house volume
measurements were used to calculate an
ar exchange rate for each home studied.
Fifty homes were evaluated severa
times each usng this method under
varying westher conditions before and
after energy conservation improvements
were performed.

KEYWORDS tracer gas, sulphur
hexafluoride, retrofit, constant emission,
sample bag, chromatograph,
measurement technique



#NO 1657 Indoor air pollution
evaluation by tracer gastechnique.
AUTHOR Hampl V.

BIBINF Indoor Air. Vol 5. Buildings,
Ventilation and Therma Climate. Edited
by B Berglund, T Lindval, J Sundell.
Swedish Council for Building Research,
1984. 505-510, 2 figs, 1 tab, Srefs. in
English AIVC bk

ABSTRACT A tracer gas technique has
been usad for evaluation and
characterization of arflow paitern of
contaminants penetrating into buildings.
Asatracer, sulfur hexafluoride (SF6)
was used and detected by agas
chromatograph equipped with an
electron capture detector. SF6 was
released at suspected points of
contaminant origin a a congant flow
rate and was detected quantitatively in
the room or laboratory of concern. A
dilution factor concept was established
which can be used to estimate room
contaminant levels and to calculate the
level of contaminant in alaboratory
hood exhaust system which will result in
any given levd in the make-up air
system or room supply system. Indl
cases, the tracer gas method was
successful and proved to be an effective
method for the characterization and the
investigation of the contaminant flow
pattern. The sengitivity of the SF6 gas
detection, the low toxicity, and the
specificity of the tracer make this
procedure a very useful tool for thistype
of sudy.

KEYWORDS tracer gas, sulphur
hexafluoride, constant emission,
measurement technique

#NO 4640 M easur ement of airflow
through a porous medium.
AUTHOR Riffat SB, Cheong K W
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BIBINF UK, Loughborough University
of Technology, Department of Civil
Engineering, [1990], 11pp, 4 figs, 7 refs.
in English

ABSTRACT Thiswork examinesthe
application of the congtant-injection
tracer-gas technique for measurement of
arflow in aduct filled with a porous
medium. The duct used for this
investigation had an aspect ratio of6.25
and measurements of tracer-gas
concentration and pressure distribution
aong the duct were performed for
Reynolds numbers between 1140 and
1790. The work indicated that the
concentration of tracer-gasin the porous
medium became congtant at a distance of
goproximately 52 hydraulic diameters
from the tracer-gas injection point.
KEYWORDS airflow, porosity, tracer
gas

#NO 5312 Numerical prediction of
airflow patternsand ventilation
effectivenessin an open office
environment.

AUTHOR Fang J, Persily A

BIBINF UK, AlVC 12th Conference,
"Air Movement and Ventilation Control
within Buildings', hed 24-27 September
1991, Ottawa, Canada, proceedings
published September 1991, Volume 3,
pp 181-182. in English

ABSTRACT Numericd moddling is
performed to predict air movement,
therma comfort level and contamination
distribution within an open office space.
The office located in the building
interior has a concentrated thermal |oad
at its center and is conditioned by cool
ar delivered from a ceiling-mounted
linear diffuser. The arr velocity and
temperature distributions and
contaminant disperson in the office are
caculated for three different cooling
loads and air exchange rates with a



three-dimensiond turbulent finite
difference modd. Caculations of
ventilation effectiveness based on the
time variaions of contaminant or tracer
gas concentrations in the supply, exhaust
and occupied space are performed for
the condition of constant injection of
tracer gasinto the supply ar stream. The
caculated vaues of the Air Diffuson
Performance Index (ADPI) and
ventilation effectiveness in the occupied
zone for different supply arflow rates
are presented.

KEYWORDS prediction, airflow,
ventilation effectiveness, office building,
large building

#NO 12072 Airflow patternsin
Schonbrunn Palace.

AUTHOR Holmberg J G, Kippes W
BIBINF Sweden, Stockholm, KTH
Building Services Engineering, 1998,
proceedings of Roomvent 98: 6th
International Conference on Air
Didribution in Rooms, held June 14-17
1998 in Stockholm, Sweden, edited by
Elisabeth Mundt and Tor-Goran
Mamstrom, Volume 2, pp 189-196, figs,
refs.

ABSTRACT The purpose of this study
isto find more information of the
complicated airflow pattern in the
Schaabrunn Palace. Theaimisto
improve the control of the air

infiltration. We have used a passve
tracer gas technique, a specia case of the
congtant injection technique, caled the
homogeneous emission technique. The
results give Air Change Rates (ACH) of
0,7 to 1,7 in different rooms and parts of
the palace. Wind driven ventilation
dominates stack driven ventilation. We
found a consderable airflow between
floors. Smple one zone caculations of

ar leakage over windows partly
confirms the ACH measured. The palace
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management will use the results of the
invedtigation in the ongoing planning
process to improve the indoor climate
and abating the indoor deterioration.
KEYWORDS airflow patterns, air
exchange efficiency, air tightness, tracer
gas, large building

4.4 Constant Concentration

#NO 474 Theoretical and
experimental studies of heat loss due
to ventilation.

AUTHOR Alexander D.K. Etheridge
D.W. GdeR.

BIBINF Proceedings X XI International
Congressfor Building Services
Engineering, Berlin 17/18 April 1980in
English

ABSTRACT Outlines two techniques
for esimating ventilation heet lossesin
houses. Thefird isatracer gas technique
using a congtant concentration of gas and
the second atheoretica prediction
method. The theoretical technique treats
the building as amullti-cdl modd with
gpecified wind pressure, leskage
openings and background leakage area.
Reports use of the method for smulating
the naturd ventilation of ahousein
London and the effectiveness of sedling
the windows and floor.

KEYWORDS hest loss, ventilation,
theoretical modelling

#NO 586 An investigation using the
tracer gas method for the

measur ement of ventilation ratein
rooms and airflow ratein ducts.
AUTHOR Wesatherdl P.J.

BIBINF M Sc. dissertation. University of
Manchester Ingtitute of Science and
Technology. October 1977 116p. 29 refs.

inenglish



ABSTRACT Reviewstracer gas
methods for measuring ventilation rate
and discusses the diffusion of gases.
Describes four tracer gas methods, rate
of decay, equilibrium concentration,
transfer index and congtant
concentration. Discusses the andysis of
results. Describes an experimental room
and series of measurements of air change
rate using two methods a) rate of decay,
where a balloon filled with gas was burst
asapoint source and b) equilibrium
concentration where tracer gas was
released continuoudy a a congtant rate.
Discusses results.< Describes further
tests in different rooms using decay rate
method. Treats use of tracer gas
technique to measure airflow ratesin
ducts.< Concludes decay method has
error of 15% in field conditions.
KEYWORDS tracer gas, nitrous oxide,
instrumentation,

NOTES A discussion of this paper by
T.Stathopoulosis given invol.7 1981
p.367-368

#NO 614 Experimental techniquesfor
ventilation resear ch.

AUTHOR Alexander D.K. Etheridge
D.W. GdeR.

BIBINF A.l.C. Conference
"Ingtrumentation and Measuring
Techniques' Windsor 6-8 October 1980
inenglish AIC =in Ventilation of
Domestic Buildings #AIC 492
ABSTRACT Reviews experimenta
techniques for determining the

infiltration characterigtics of buildings.
Discusses the use of wind tunnel models
to determine surface pressure
digtributions and ventilation rates.
Reviews the measurement of open areas
and leakages. Discusses correlation of
measured |leakage and ventilation.
Describes the British Gas method of
measuring ventilation rates using tracer
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gas. The system, known as"Autovent”
provides a constant concentration of
tracer gas and can be used for the
continuous monitoring of ventilation
rates.

KEYWORDS tracer gas, constant
concentration

#NO 763 M ethods of measuring
ventilation rates and leakage of
houses.

AUTHOR Dickson D.J.

BIBINF Electricity Council Research
Centre report ECRC/M 1419 April 1981
13p. 12 figs. in English #A1C 410
ABSTRACT Describes methods used at
ECRC for measuring the ventilation rate
in houses. Two tracer gas methods are
used, the decay method and the constant
concentration method. Measurements
have been made using both nitrous oxide
and carbon dioxide as tracer gases. Also
describestest of air leakage made by
pressurizing the entire house. Gives for
each method a detailed description of the
measurement technique.

KEYWORDS tracer gas, pressurization,
measurement technique, decay rate,
congtant concentration, nitrous oxide,
carbon dioxide

#NO 916 Tracer gas measurementsin
low leakage houses.

AUTHOR Blomsterberg A.

BIBINF 2nd AIC Conference "Building
Desgn for Minimum Air Irfiltretion’
Stockholm 21-23 September 1981 1 fig.
1tab. 4 refs. in English

ABSTRACT Measures the air
infiltration in individua rooms of aone-
storey artight house, using a specid
tracer gas measurement technique.
Concludes thet the overdl ventilation

rate was very low for the test house,
athough it had mechanicd ventilation
(exhaust fan). States that the best way of



getting adequate ventilation is to ingdl a
ventilation sysem with built-in routes
where fresh air can enter the building.
This should ether be balanced
ventilation system or an exhaudt fan
system with specia vents to the outside
for supplying fresh air.

KEYWORDS housg, tracer gas, decay
rate, constant concentration, air change
rate, mechanica ventilation, ventilation
effidency, ar infiltration

#NO 975 Air infiltration site

measur ement techniques

AUTHOR Harrje D. Grot R. Grimsrud
P.

BIBINF 2nd AIC Conference ‘Building
design for minimum ar infiltration’
Sweden 21-23 September 1981 p.113-
134 9figs. 13 refs. in English
ABSTRACT Gives asummary of the
exiging types of ar infiltration
measurement techniques and
ingrumentation using tracer gases.
Describes automated air infiltration
instrumentation used by researchersin
the US, Canada, the UK, Denmark,
Sweden and Switzerland. The equipment
can operate in the decay mode, constant
flow mode and the constant
concentration mode. Most of these
instruments are microcomputer or
microprocessor based and capable of
performing red time determination of
the ar infiltration rate in multizone
buildings and monitor parameters such
as temperature, wind speed and energy
consumption. Summarizes two smple
techniques - the air bag or container
method and the average infiltration
monitor, developed by researchersin the
us.

KEYWORDS measurement technique,
indrumentation, air infiltration, tracer
gas, decay rate, constant concentration,
congtant emission
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#NO 977 Continuous measur ements of
air infiltration in occupied dwellings.
AUTHOR Collet P.F.

BIBINF 2nd AIC Conference "Building
design for minimum ar infiltration'
Sweden 21-23 September 1981 p.147-
160 7 figs. 1 tab. #DATE 21:09:1981 in
English

ABSTRACT Reports on a measurement
system developed by the Inditute of
Technology at Tastrup Denmark,
involving a microcomputer- controlled
system for registering air change rates
using tracer gas (nitrous oxide)
according to the constant concentration
method. The system is designed for
measuring and metering tracer gasin up
to 10 separate rooms (using an infrared
gas absorption detector). It operates
through automatic data logging on a
floppy disc and can run without
supervision for extended periods (up to
Sx days). This meansthat the building's
true air change rate over along period
can be measured, taking into account
factors such as occupancy effects. Gives
the results of one day's measurementsin
ahouse, and describes the difficulties
encountered in maintaining a congtant
concentration of tracer gas.
KEYWORDS computer, tracer gas,
nitrous oxide, constant concentration,
automeatic equipment

#NO 1068 The efficiency of ventilation
in a detached house.

AUTHOR Freeman J. Gde R. Sandberg
M.

BIBINF 3rd AlIC Conference "Energy
efficent domedtic ventilation systems

for achieving acceptable indoor air
quality" September 20-23 1982 UK
p.15.1-15.22 9figs. 2 tabs. 3 refs.
#DATE 20:09:1982 in English



ABSTRACT Usesthe SEGAS
"Autovent" constant concentration
gpparatus to measure the fresh air
entering and the local vertilation ratein
each cdl of amulti-cdled dweling with
both natural and mechanical extract
ventilation. Measures fresh ar entry into
each cdl usng tracer gas congtant
concentration and decay techniques.
Conducts decay tests without artificia
mixing, and interprets them by
computing the area under the decay
curve to obtain loca ventilation rates.
Compares the two measurements, giving
the ventilation efficiency of each cdl

and an ideaof air quality in each room
of the house. Traces the pathways of ar
movement around the house by injecting
an amount of tracer gas into one room
and fallowing the trandfer to dl other
rooms of the house.

KEYWORDS tracer gas, decay rate,
congtant concentration, ventilation
efficency, naturd ventilaion,
mechanica ventilation

#NO 1195 Automated method for
measuring ventilation rates.
Automatiserad metod for
luftvaxlingsmatning.

AUTHOR Lundin L. Blomsterberg A.
BIBINF VVS and Energi no.4 1983
p.51-52,62 3 figs. in Swedish
ABSTRACT Describes method which
permits long term tracer gas
measurements in several separate rooms
smultaneoudy. The method employsa
fully automated congtant concentration
system developed at the |aboratory for
building physics a the Swedish Inditute
for Materids Testing. Describes
measurement principles and practice.
KEYWORDS tracer gas, measurement
technique, constant concentration
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#NO 1249 Theoretical and
experimental techniquesfor
ventilation research in buildings.
AUTHOR Etheridge D. GdeR.
BIBINF Preprint 1983 Internationd Gas
Research Conference London June 1983
14pp. 8 figs. 12 refs. in English
ABSTRACT Describes some new
theoretical and experimentd techniques
developed by British Gasto investigate
the ventilation of buildings These
indude< 1. The multi-cdl modd "vent"
for predicting ventilation rates< 2.
"Autovent”, the multi-cell congtant
concentration tracer gas technique used
for measuring ventilation petternsin
buildings.< 3. Pressurization techniques
for measuring air leskage in buildings.<
Gives a sdlection of resultsfrom
gpplications of these techniques to show
their scope.

KEYWORDS modeling, multi-
chamber, measurement technique,
pressurization, natura ventilation, tracer
gas, constant concentration

#NO 1316 M easurements of air
change rate and ventilation efficiency
in buildings.

Misuredi portata d'aria di ricambio e
di efficienza della ventilazione negli
edifice

AUTHOR Sandberg M. Fracastoro G.V.
BIBINF Condiz.Riscald.Refrig.
Feb.1984 vol.28 no.2 p.141-148in
Italian

ABSTRACT Describesthe generd
methodology for ventilation
measurements by tracer gas, using

decay, constant concentration and
congtant emission methods. Defines
ventilation efficiency and thewaysin
which it can be experimentally
determined. Gives the results of a series
of lab measurements to determine the
accuracy of the decay method under



different conditions, and the efficiency
of some mechanicd ventilation sysems.
KEYWORDS measurement technique,
tracer gas, decay rate, constant
concentration, constant emission,
ventilation efficiency

#NO 1398 Natural and mechanical
ventilation in tight Swedish homes-
measur ements and modelling.
AUTHOR Blomgerberg A. Lundin L.
BIBINF Preprint ASTM Symposum on
measured air |eakage performance of
buildings Philadelphia USA April 2-3
1984 22pp. in English

ABSTRACT Evduates results from
constant concentration tracer gas
measurements and fan pressurization
measurements in three houses and
predicts ventilation rates for longer time
periods using the LBL model. Test
results show that the best way of both
supplying adequate ventilation and
conserving energy isto make sure that
the building envelope is sufficiently tight
and then ingtall amechanicd ventilation
system. Showsthat it is possble to
correlate fan pressurization
measurements and infiltration rates.
KEYWORDS pressurization correlation,
tracer gas, congtant concentration, house,
moddling, ar infiltration

#NO 1425 Continuous measur ement
of air changeratein occupied
buildings

Boligersluftskifte| brugstilstand
AUTHOR Kvisgaard B., Collet PF.,
Kure J.

BIBINF Byggeteknik Teknologisk
Institut. Report, 1984, 95pp, 65 figs, 13
tabs, 11 refs. , in Danish

ABSTRACT The Department of
Building Technology, the Technologicd
Ingtitute of Copenhagen, have for severd
years been devel oping equipment for
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continuous measurement of air
infiltration. It enables continuous
measurement of air change ratein up to
ten rooms, the constant concentration
method with tracer gasis used, and the
results are recorded on a computer
diskette during measurement. Anaysis
of possible measuring errors show that
the method is accurate and to within plus
or minus 5%. Shows the results of
measurement of ar infiltration in 10
reldively artight dwellings. Thear
change rate of an occupied dwelling can
be more than 5 times the air change rate
of an unoccupied dwelling.
KEYWORDS constant concentration,
tracer gas, ar infiltration,
instrumentation, measurement technique,
tight house, occupancy effects

#NO 1536 M easurement techniques
for air change and air penetration of
resdential buildings

Messmethoden zur Erfassung des

L uftwechselsund der

L uftdur chlassigkeit von Wohnbauten.
AUTHOR Muhlebach H.

BIBINF Heizung und

L uftung/Chauffage et ventilation, No 5,
1984. p20-22, 6 diags, 1 tab, 10 refs. in
German

ABSTRACT Defines air change and air
penetration. Describes the differentia
pressure method, the infrasound method,
quditative judgement methods, and
acoustic measurement devices for
determining ar penetration. Explains
procedures todetermine air change - the
rate of decay method, the constant
concentration method, and the constant
emisson method.

KEYWORDS air change, air leakage,
pressurization, tracer gas, thermography



#NO 1570 Multi-chamber air renewal
survey using constant concentration
tracer-gastechnique.

Mesures du taux de renouvellement
d'air al'aided'un dispositif compact a
concentration constante.

AUTHOR Scartezzini J-L., Roecker C.,
Quevit D.

BIBINF Groupe de Rechercheen
Energie Solaire, Ecole Polytechnique
Federale de Lausanne, 1984. 13pp, 7 figs,
11 refs. in French

ABSTRACT An accurate determination
of ar renewd rate and connective
exchanges between units was needed for
study of the solar units of the
experimenta building LESO, in both an
occupied and empty state. The CESAR
compact equipment for tracer gas
(nitrous oxide) measurement was
developed. Thisunit usesa
microcomputer to perform a
smultaneous and periodica gas andysis
in 10 locations. Three tracer gas methods
can be used: decay, constant
concentration, and continuous flow. The
device and regulating program work

well with low rates of concentration
(100ppm of nitrous oxide). The
measurements by decay and constant
concentration give Smilar results and
with the smultaneous survey of the 10
rooms, a comparison between air
movement and infiltration is possible.
Occupancy effects can also be evauated.
KEYWORDS air infiltration, tracer gas,
nitrous oxide, decay rate, constant
concentration, constant emission, air
movement, occupancy effects,
measurement technique, automatic

equipment

#NO 1714 An automated air
infiltration measurement system - its
design and capabilities-: preiminary
experimental results.
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AUTHOR Lundin L, Blomsterberg A.
BIBINF Air Infiltration Review,
November 1982, Vol 4, No 1, p8-10. 7
figs in English

ABSTRACT Describes acompletely
automated constant concentration tracer
gas technique for measurement of air
infiltration. The equipment conssts of
five components: 1 acontroller, 2 a
tracer gas andyzer, 3 an injection and
sampling unit, 4 specid mixing fansand
5 gpparatus for the calibration of the
tracer gas flow. The systlem is controlled
by a microcomputer.

KEYWORDS tracer gas, constant
concentration, measurement technique,
automatic equipment, microprocessor

#NO 1752 Resear ch on freshair
changerate: 1. occupants influence
on air-change.

AUTHOR Kvisgaard B, Collet PF, Kure
J.

BIBINF 2nd. ed. Copenhagen, Denmark:
Building Technology, Technologicd
Institute of Copenhagen, 1985. 233p.
168 figs, 41 tabs, 14 refs. in English
AIVC bk

ABSTRACT Knowledge of the air
change in dwellings under conditions of
useisa prerequiste for the caculation
of energy consumption and for
evauaion of adwdling'sindoor
climate. Air change was measured in a
tota of 25 occupied dwellings over an
aggregeate period of 205 days, using the
constant concentration tracer gas
method. Results showed that the
occupants exert avery consderable
influence on the totd air changein the
dwdling. Theair change rate for
occupied dwellingsis, on average, 3-4
times greater than the air changerate in
seded buildings (with ar-escape valves,
doors, windows and ventilation systems
closed). The average air change rate for



the sedled dwellingsis 0.19 ach.
Although the average air change rate for
occupied dwellingsis higher than the
recommended rate, some 20% of
dwelings have an extremely low air
change rate. Mechanicaly ventilated
dwdlings tend to have a higher air
change rate than naturdly ventilated
dwelings. Air-escape valveswith
apertures of 30 cm2 per room were not
found to provide the requisite air change
rate for seeled dwdlings.
KEYWORDS air change rate,
occupancy effects, measurement
technique, tracer gas, constant
concentration

#NO 1784 Continuousair renewal
measur ementsin different inhabited
buildings.

AUTHOR Scartezzini J-L, Roulet C-A,
Jolliet O

BIBINF 6th AIC Conference
"Ventilation Strategies and Measurement
Techniques', Het Meerdd Park,
Netherlands, 16-19 September 1985.
Bracknell, UK: Air Infiltration Centre,
1985. p9.1-9.19. 16 figs, 6 refs.
inEnglish AIVC bk

ABSTRACT A Compact Equipment for
Survey of Air Renewd (CESAR) was
developed at the Ecole Polytechnique
Federde de Lausanne in Switzerland.
Controlled by a microcomputer and
using tracer gas methods, this gpparatus
can monitor up to ten different locations
in inhabited rooms simultaneoudy over
extended periods of time. Decay,
continuous flow or constant
concentration methods can be used, but
the constant concentration technique is
mainly used. Severd ar renewd surveys
were carried out on different inhabited
buildings. During the 1983/84 and
1984/85 hesting seasons the following
three buildings were investigated: an
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inhabited passive solar office building
(LESO building), athree storey one
family Swiss dwdling, and alow energy
test greenhouse at the European Nuclear
Research Centre (CERN). Thefollowing
ggnificant results were obtained: air
renewal measurements surveys were
carried out in different inhabited
buildings over several weeks,
determination of actua outdoor-to-room
and building-to-room flow rates were
obtained in multi-chamber house
configurations, and the influence of
inhabitants on the various arflow rates
was determined. A short description of
the apparatus is a so reported.
KEYWORDS house, greenhousg, office,
ar changerate, ar movement, air
infiltration, occupancy effects,
measurement technique, tracer gas,
decay rate, constant concentration,
congtant emisson, nitrous oxide

#NO 1796 | mproving the accuracy of
a constant concentration tracer gas
system.

AUTHORBohacD L, HarrjeD T
BIBINF 6th AIC Conference
"Ventilation Strategies and Measurement
Techniques', Het Meerdal Park,
Netherlands, 16-19 September 1985.
Bracknell, UK: Air Infiltration Centre,
1985. p25.1-25.23. 10 figs, 20 refs.
inEnglish AIVC bk

ABSTRACT Air infiltration flows into
different zones of a building can be
mesasured with the constant
concentration technique by injecting a
metered amount of tracer gasto hold the
concentration of the gas congtant. The
control and estimation agorithm used to
cdculate the injection rate is designed
using classcd transform and optimal
edimation methods. The ability of the
control algorithm to keep the
concentration constant and to accurately



measure time varying infiltration flows

is demondrated usng digital computer
smulaions and laboratory experiments.
Field demongtrations then complete the
confirmation that al components of the
total system are performing as designed,
and that the desired accuracy targets
have been achieved. The details of how
constant concentration System accuracy
targets were attained in the Princeton
constant concentration tracer gas
measurement system are outlined in this
paper. Before the totd system accuracy
gods could be achieved it was necessary
to focus attention on the commercid SF6
detection unit based upon the principles
of gas chromatography and electron
capture. Gas flow paths, sequencing and
criticd timesin agiven sample andyss
al directly impinge on the total system
function and ultimate accuracy. Some of
the points discussed are: internd air
leskage, vave switching, and calibration
of various subsystems.

KEYWORDS tracer gas, measurement
technique, constant concentration,
sulphur hexafluoride

#NO 1905 Final report on the Alberta
home heating resear ch facility: results
of the 1981-82 heating season and part
of the 1982-83 heating season to
January 1983.

AUTHOR Ackerman M Y, Dde JD,
Forex TW, etd.

BIBINF Departmental Report Number
34. Edmonton, Canada: University of
Alberta, Dept of Mechanica

Engineering, 1983. 138p. 53figs, 14

tabs, 9 refs. in English

ABSTRACT This study used a congtant
concentration tracer gas measurement
system to measure the air infiltration rate
of three modules smulating resdentia
buildingsin Canada. The results

obtained were compared with computer
predictions.

KEYWORDS measurement technique,
sulphur hexafluoride, constant
concentration, mathematical modeling

#NO 1947 A quantitative estimate of
the accuracy of tracer gas methods for
the deter mination of the ventilation
flow ratein buildings.

AUTHOR Sandberg M, Blomgvist C
BIBINF Building and Environmert,
1985, Vol 20, No 3, p139-150. 8 figs, 5
tabs, 5 refs. in English

ABSTRACT This paper presentsa
quantitative estimate of the error of the
decay and constant concentration
method. A number of tests were carried
out in an indoor test house located in the
laboratory hal a the Nationa Swedish
Indtitute for Building Research. The
relevant meaning of the concept of ar-
exchangerateis discussed and an
gppropriate terminology is suggested.
The theoretical background, based on a
multi-cell moddl, of the two tracer gas
methods is given. Results of the studies
of the accuracy of the tracer gas methods
are presented, with some results of the
sudies of the effect on theinfiltration

rate due to different operation modes of
mechanicd ventilation systems.
KEYWORDS tracer gas, measurement
technique, decay rate, constant
concentration, multi-chamber

#NO 2050 Interim Report on the
Continuous I njection Air Infiltration
Measuring Device,

AUTHOR Mencher, P,

BIBINF Nationa Bureau of
Standards,Princeton University's Center
for Environmental Studies, , in English
ABSTRACT This report contains a brief
decription of an ar infiltration
measuring device jointly developed by



the National Bureau of Standards and
Princeton Univergty's Center for
Environmentd Studies. The device
maintains a constant concentration of a
tracer gas (SF6) in each room of a
dructure by injection, and relates the
infiltration rate for each room to the rate
of gasinjected. Specifics of congtruction
and use are included.,

KEYWORDS ar infiltration, tracer gas
ingrumentation multi chamber

#NO 2920 Smple adaptive control for
constant tracer gas concentration.
AUTHOR Jensen L

BIBINF Sweden, Lund Ingtitute of
Technology, Department of Building
Science, Report BKL 1988:9(E), 1988,
13pp, 4 figs, 4 tabs. in English
ABSTRACT This report describes two
smple adaptive controllers for congtant
tracer gas concentration. The first
controller determines the diluting flow
from a smple mass balance equation and
actua measurements. The volumeis
assumed to be known. The second
controller determines both the diluting
flow and the volume indirectly from a
discrete time moddl determined by the
least squares method and actua
measurements. The first and Smpler
controller with fixed volume turns out to
be the safest. The second controller gets
out of control after too accurate control
which makes the equation system in the
least squares method badly conditioned.
Full-scale test runs are made with both
controllersfor asmdl office room.
KEYWORDS constant concentration,
tracer gas

#NO 3572 Accuracy and development
of tracer-gas measur ement equipment.
AUTHOR KVvisgaard B, Collet P F
BIBINF in:UK, AIVC, 10th AIVC
Conference, held at Espoo, Finland, 25-

28 September 1989, Volume 2, February
1990, pp1-16, 5figs, in English
ABSTRACT In 1979 aproject was
launched at the Technologica Indtitute,
Copenhagen with the purpose of
developing amethod for continuous
measurement of air changeratesin
occupied dwellings. Today - 10 years
later - we can introduce the first
generaion of mass- produced measuring
equipment performing measurements of
ar change rates employing the method
of constant concentration of tracer gas.
The principles used in the first mode,
which wasintroduced 1981, are largely
identica to those used in the latest
modd. However, components and
programmes have been changed severd
times. Furthermore, through the years
new programmes that expand the
cgpability of the measuring equipment
have been developed. The paper will
discuss the developmernt that has taken
place over the 10 years, which problems
have caused the biggest trouble and how
they were solved. Also, the types of
measurement performed with the
equipment will be touched upon, and we
shall take acloser look at a couple of
gpeciad measurements. Findly, the
accuracy of the equipment aswell asthe
cost of reaching today's level of
development will be discussed.
KEYWORDS tracer gas, measurement
technique, instrumentation, constant
concentration

#NO 4637 Tracer gas measurements
in apartment buildings.

AUTHOR Levin P

BIBINF Sweden, Swedish Council for
Building Research, "Building Physcsin
the Nordic Countries’, D13:1988, 6pp, 2
figs refs. in English

ABSTRACT The development of a
tracer gas method for measurements of



ar change ratesincluding passive
sampling is briefly described. This
method has the potentia to beused ina
large scale a areasonable codt. It isadso
suitable for use of many tracer gasesto
be analysed in the same sample. The
results from recent cdibration
measuremernts show that improvements
of the analytical system is necessary
before find evauation of eg.
systematica measurement errors can
take place. Results from continuous
tracer gas measurements with the
congtant concentration method for one
unoccupied gpartment with mechanica
exhaud ventilation show very small
differencesin air change rate due to
fluctuations in wind speed and wind
direction.

KEYWORDS tracer gas, apartment
building, passive sampling

#NO 4922 Ten years of constant
concentration tracer gas

measur ements.

AUTHOR Collet P F, Egedorf M
BIBINF Air Infiltration Review, Val 9,
No 2, February 1988, pp 2-3, 5figs, 1
ref. in English

ABSTRACT Ten years ago the
automated constant concentration tracer
gas (CCTG) method was concelved at
the Technologicd Indtitute, Tastrup,
Denmark. Thistechnique is now used by
researchers to examine awide variety of
ar infiltration and ventilation related
problems. At this juncture it would seem
gppropriate to summarise the
development of the CCTG system and
examineits use in present day research.
KEYWORDS constant concentration,
tracer gas measurements

#NO 5301 An integral mass balance

formulation of the constant
concentration tracer technique.

7

AUTHOR Axley J

BIBINF UK, AlVC 12th Conference,
"Air Movement and Ventilation Control
within Buildings', hed 24-27 September
1991, Ottawa, Canada, proceedings
published September 1991, Volume 3,
pp 39-50. in English

ABSTRACT This paper extendsthe
integra mass baance approach to the
remaining constant concentration
technique. An integrd formulation of the
constant concentration problem is
presented that accounts for the
possibility of variation of tracer
concentration. This gpproach leads, in
principle, to data reduction sirategies
that may be expected to improve the
accuracy of the congtant concentration
technique and that may be used to isolate
those portions of a given constant
concentration data set that are likely to
be mogt reliable. The method is applied
to the reduction of constant
concentration data sets measured at the
Nationd Swedish Inditute for Building
Research and the results of this
gpplication are reviewed.
KEYWORDS constant concentration,
tracer gas

#NO 5842 6th AlIC Conference:
Ventilation strategiesand

measur ement techniques:
Proceedings.

AUTHOR Air Infiltration and

Ventilaion Centre

BIBINF UK, Air Infiltration and
Ventilation Centre, 6th AIC Conference
Proceedings, held at Het Meerda Park,
Southern Netherlands, 16-19 September,
1985. in English

ABSTRACT Contains twenty seven
papers from the sixth AlIC Conference as
follows: Ventilation, the baance

between energy and well-being, The
infiltration component of ventilation in



New Zedand houses, Ventilation
research and characterization in three
types of residences, A passive
vertilation system under trid in UK
homes, Indoor air qudity and air
exchange in bedrooms, Effect of
unvented combustion gppliances on air
exchange among indoor spaces, Air
exchange rates based upon individua
room and single cell measurements,
Multiple cell air movement
measurements, Continuous air renewal
measurements in different inhabited
buildings, The reduction of ar
infiltration in an indudtrid laboratory,
Ventilation of factories, Advanced
energy-efficient ventilation, Design for
ventilation, Air qudity and energy
conservation by different ventilation
drategies, Exploration of ventilation
drategies in domestic housing. Theory
and experimenta results, Mechanicd
ventilation system requirements and
mesasured results for homes constructed
under the R-2000 super energy-effident
home program, Indoor formaldehyde
levelsin houses with different
ventilation srategies, Development of a
amplified multizone infiltration modd,
Multizone modeing and air leskage
andyds, |nhabitants behaviour with
regard to ventilation, the use of
windows. Firgt hesting season, Basic
materid for the ingtruction of occupants
of homes. How, when and where to use
your windows, Monitoring of vertilation
and humidity in crawl spaces of
dwelings, Ventilation srategies for
crawl-spaces, attics, etc, Useof asngle
tracer gas for measurement of ventilation
rates in alarge enclosure, Improving the
accuracy of a constant concentration
tracer gas system, Ventilation system
performance evauation using tracer gas
techniques, Ventilation efficiency

measurements in occupied mechanically
ventilated buildings.

KEYWORDS ventilation strategy,
measurement technique

4.5 Passive Sampling
Techniques

#NO 1129 Air infiltration

measur ementsin a homeusing a
convenient perfluor ocarbon tracer
technique.

AUTHOR Dietz R.N. Cote E.A.
BIBINF Proceedings of the Internationa
Symposium on indoor ar pollution,
hedlth and energy conservation Amherst
Mass. USA 13-16 October 1981
Environmentd Internationd Specid
Issue "Indoor Air Pollution” vol.8 no.1
1982 p.419-433 9 tabs. 11 figs. 22 refs.
in English

ABSTRACT Usng miniature
perfluorocarbon tracer (PFT) sources
and miniature passve samplers, tests
conducted inthelab and in atypica
home successfully demondrate the
utility of the PFT kit asameansfor
implementing wide-scdeinfiltration
measurements in homes. Shows that the
PFT diffusion plug source provides
steady-state concentrations in a home of
about 1-10 pL/L when one sourceis
deployed for each 28-46 m2 of living
gpace. Together with a programmable
tracer sampler, deploys miniature
diffuson sources and samplersin a
typica home, uses 6 PFT sources, 3on
each levd of atwo-storey house. Shows
that even in a house without forced-ar
circulation, awell-mixed moddling
gpproach isjudtified. Analyses tracer
samples usng a gas chromatograph.
Comparison with SF6 tracer decay
approach shows the results of the 2
methods to be smilar. With the PFT kit,



infiltration ratesin the range 0.2-0.5
ac/hr can be measured over time-
averaged periods of aslittle as one day
up to severd years.

KEYWORDS air infiltration, tracer gas,
decay rate, perfluorocarbon,
indrumentation, measurement technique

#NO 1732 Detailed description and
performance of a passive
perfluorocarbon tracer system for
building ventilation and air exchange
measur ements.

AUTHOR Dietz R N, GoodrichR W,
CoteEA, et d.

BIBINF Paper presented at the
Symposium on Measured Air Leskage
Performance of Buildings, American
Society for Testing and Materids,
Philadelpia, Pennsylvania, April 2-3,
1984. Upton, New Y ork,

USA :Brookhaven Nationa Laboratory,

Dept of Applied Science, February 1985.

104p. 15figs, 23 tabs, 26 refs. in English
ABSTRACT The manufacturing
procedures and performance of a
building ar infiltration kit conggting of
miniature passive perfluorocarbon tracer
permestion sources and passive
adsorption tube samplers are described.
Having four PFT-types available, homes
and buildings with up to four separate
zones can be fully evauated under
gteady State conditions for the air
infiltration and exfiltration rates from
each zone as well asthe air exchange
rates between zones using this
inexpensive and non-obtrusve fidd kit.
Complete details on deployment in
homes and on gas chromatographic
andysis of the passve samplers are
presented. Examples of total air changes
per hour resultsin severa sudies
showed average values between 0.25 to
0.64 h-1. A generdized correlaion was
used to characterize the leakiness of

81

eleven homesin the US and Canada,
showing ACH dependency only on
indde-outside temperature difference,
wind speed to the 1.5 power, and a
subjective terrain factor: the approach
has gpplication in evaluating
wesetherization performance. Details of
multizone messurements in four homes
provided ingght into the role of attics,
crawl-spaces, and basements on the
indoor air qudity and weetherization
needs for the living zone.
KEYWORDS air infiltration, tracer gas,
perfluorocarbon, passive sampling,
multi-chamber, measurement technique,
ar changerate, ar quality, attic,
basement

#NO 1737 Brookhaven Air Infiltration
Measurement System (BNL/AIMYS).
Description and Application.
AUTHOR Dietz R N, GoodrichR W,
CoteEA, et d.

BIBINF Upton, New York, USA:
Brookhaven Nationd Laboratory, 1983.
BNL 33846. 17p. 4figs, 5 tabs, 3refs. in
English

ABSTRACT A capability to measure
part- per-quadrillion concentrations of a
family of perfluorocarbon tracers (PFTS)
has been developed. Together with the
PFT source and passive sampler,
measurement of average air exchange
and infiltration rate can be determined
for periods as short as 12 hours. A more
expendve programmable sampler can
provide information on afrequency of as
little as once per minute for each of its
23 sampling tubes. The principa of
AIMS s based on the applicable steady-
date assumption that the average
concentration of atracer gasina
chamber is equd to the emisson rate of
the tracer source divided by the air
leskage or infiltration rate. Knowing the
source rate and measuring the average



concentration then provides a meansto
caculate the air leekage rate. Extending
this technique to a multichamber

concept, in which adifferent type of PFT
source is deployed in each chamber of a
building, dlows the calculation of not
only the infiltration ratesin each

chamber but dso the air exchange rates
between chambers aswell. Since both
the PFT source and the passive sampler,
aminiature Capillary Adsorption Tube
Sampler (CATS), are about the size of a
cigarette, inexpensive and reusable, the
BNL/AIMS isavery cost-€ffective
means for determining these air
exchange rates.

KEYWORDS perfluorocarbon, tracer
gas, measurement technique, passve
sampling, multi-chamber

#NO 1834 Evaluation of the
perfluor ocar bon tracer techniquefor
determining infiltration ratesin
residences.

AUTHOR Leaderer B P, Schaap L,
DieizRN

BIBINF BNL 36334. February 1985.
33p. 4 figs, 7 tabs, 18 refs. in English
ABSTRACT A smple meansfor
determining ar infiltretion ratesinto
homes and buildings for assessment of
indoor ar qudity and energy
conservation measures, based on a
passive perfluorocarbon tracer (PFT)
technique, was evduated in awell-
defined environmenta chamber under
experimenta conditions of 1) congtant
temperature and ventilation rate, 2)
constant temperature, varigble
ventilation rate, and 3) variable
temperature, constant ventilation rate.
Two PFT sources of known emission
rate and temperature dependence
produced chamber concentrations of 100
to 300 nL/m3 (parts per trillion). The
average relative standard deviation of 16

paired samplers deployed for 44 h during
experiment 1 indicated good
reproducibility of the passve sampling
rate and andyss and there wasllittle
consequence of sampler orientation with
respect to the low air velocities (<0.2
m/s) present in houses. Even with the
nearly 3-fold variation in ventilation

rates during experiment 2, the passive
samplers accurately measured the
average chamber tracer concentration as
caculated from the known source
strength and the measured ventilaion
rates based on CO2 concentration decay:
such large ventiltion rate variations
caused a 10% negative biasin the PFT-
determined ventilation rate. Temperature
cycling differences of asmuch as 8
degrees C were accommodated to
provide essentidly no biasin the PFT-
determined ventilation rate. The PFT
technique is applicable to the expected
range of conditionsin homesand
buildings.

KEYWORDS tracer gas,
perfluorocarbon, measurement
technique, passve sampling, air change
rate, environmental chamber

#NO 2278 Evaluation of the

perfluor carbon tracer techniquefor
determining infiltration ratesin
residences.

AUTHOR Leaderer B P, Schaap L,
DieizRN

BIBINF Environ Sci Technol, Vol 19,
No 12, 1985. p1225-1232. 4 figs, 7 tabs,
18 refs in English

ABSTRACT Describes the eva uation of
anew smple passve perfluorocarbon
tracer technique for determining air
infiltration rates into houses and
buildings. The authors explain the
methods used and present and discuss
ther results.



KEYWORDS tracer gas, house,
residentid building

#NO 2594 The use of detector tubes
with carbon dioxide asa tracer gas.
AUTHOR Sandberg M, Sundberg J
BIBINF AIR, Vol 8, No 3, May 1987,
p6-7, 2figs, 1tab, 2 refs. in English
ABSTRACT Tracer gas concentrations
are often andysed by using infrared
spectroscopy. Infrared gas anadysers
have afast reponse time and are
accurate. However, thistype of
ingrumentation is relaively expensve
and can only be used for thistype of
measurement. A chegper dterndiveis
therefore preferred. Normaly thereisa
trade-off between cost and accuracy.
Detector tubes are inexpensve and are
available for many gases, among them
CO2. They are packed with a selective
solid absorbent which gives a colour
reaction with the gasin question. The
higher the concentration of gaswhich
enters the tube the further the coloured
region extends down the packing. The
tubes have approximate calibration
markings which show the concentration
of the gas. This article reports a method
of measuring the ventilation arflow rate
using atracer decay techniquein
occupied houses with CO2 as atracer
gas. The metabolic CO2 from peopleis
taken into account. The accuracy of the
method has been explored through
various tests.

KEYWORDS tracer gas, carbon dioxide,
instrumentation, ventilation rate, decay
rate, resdentid building, measurement
technique

#NO 2825 Influence of airflow on the
performance of perfluorocarbon
tracer techniquesfor measuring
ventilation rates.

AUTHOR Vercammen M, Leaderer B P,
DieizRN

BIBINF in: Indoor Air '87, Proceedings
of 4th Internationa Conference on
Indoor Air Quality and Climate, Berlin
(West), 17-21 August 1987. Vol 3
Ingtitute of Water, Soil and Air Hygiene,
1987, p 388-392, 3figs. 3refs. in
English

ABSTRACT The perfluorocarbon tracer
technique (PFT) isbeing extengvely
used for determining air infiltration rates
in resdences and office buildings. The
method has been evaluated in chamber
studies for effects of temperature,
variable ventilation rates and orientation
of the passve capillary collectorsin low
ar veocities (<.2m/s) typicd of
resdences. This paper presents the
results of chamber studies designed to
evauate the PFT method under
conditions of constant temperature and
high air velocities (0.8 to 6.4 m/s). The
efficiency of the passve capillary
collectors was evauated as afunction of
ar velocity and orientation in the flow.
Two different enclosures for the
collectors, desgned to minimize the air
velocity effects, were also evaluated.
The results indicate that air velocities
above 0.8 m/s and collector orientation
affect the efficiency of the collectors.
Enclosing the collector and orienting it
1800 to the flow minimizes effect.
KEYWORDS airflow, perfluorocarbon,
tracer gas, ventilation rate

#NO 3095 The AIMS Monitor:
Measuring Infiltration not Tightness.
AUTHOR Dupont P

BIBINF Energy Auditor and Retrofitter,
Vol.4, No.1 Jan/Feb 1987, pp6-11.in
English

ABSTRACT A monitor to measure the
effective ventilation rate in houses, over
extended periods of time, is described.



Theinfiltration measurement system was
developed by Russll Dietz a
Brookhaven Laboratory in New Y ork to
provide areliable low-cost method for
determining the infiltration ratein
buildings. A comparison of the uses of
the AIMS Infiltration Monitor and
blower doorsis made. It is concluded
that AIMSisaussful tool for builders,
housing authorities, building inspectors,
and utility program managers who need
to accurately assess and quantify the
impact of westherization and shell
tightening measures on building
performance.

KEYWORDS tracer gas, passve
sampling, congtant emisson

4.6 Comparison of Tracer
Gases

#NO 200 An intercomparison of
tracer gasesused for air infiltration
measur ements.

AUTHOR Grimsrud D.T. Sherman M.H.
Janssen JE. Pearman A.N. Harrje D.T.
BIBINF Lawrence Berkeley Laboratory.
Univergty of Cdifornia pgper LBL-
83 2 figs=ASHRAE trans. 1980. vol
86 no 1. in English

ABSTRACT Reviewsided
characterigtics of atracer gas and gives
literature review of the subject. Reports
tests made on ahouse in Cdifornia
giving adirect intercomparison between
common tracer gases used to measure air
infiltration rates in buildings. Results
indicate that air exchange rates measured
using sulphur hexafluoride are dightly
larger than those measured using
methane or nitrous oxide. The rétio of air
change rates measured using sulphur
hexafluoride to ar change rates
measured concurrently using alighter
tracer gas was found to be 1.10 +/- 0.10

KEYWORDS tracer gas, air change rate,
sulphur hexafluoride, methane nitrous
oxide

#NO 1005 The effect of tracer gason
the accuracy of air change

measur ementsin buildings.
AUTHOR Shaw C.Y.

BIBINF Preprint for ASHRAE Atlantic
Meseting January 23-27 1983 30pp. 10
figs. 5tabs. 6 refs. in English
ABSTRACT Comparesthear change
rates measured using the decay method
with severd different tracer gases.

Tracer gas measurements were
conducted in atightly sealed room where
constant air leakage rates were
maintained using an exhaust fan. Tracer
gases investigated were CH4, CO, CO2,
N20 and SF6. Agreement between
tracer gas measurements and measured
flow rates of the exhaust fan was very
good for CH4, CO and N20. The
agreement was aso satisfactory for CO2
and SF6, but the scatter in tracer gas data
was much grester then it wasfor the
other three gases.

KEYWORDS tracer gas, decay rate,
methane, carbon monoxide, carbon
dioxide, nitrous oxide, sulphur
hexafluoride

4.7 Comparison of Tracer Gas
Methods

#NO 284 An automated air infiltration
measuring system using SF6 tracer
gasin constant concentration and
decay methods

AUTHOR Kumar R. Ireson A.D. Orr
H.W.

BIBINF ASHRAE trans. vol 85 part2
p385-395 9figs, 5 refs. in English
ABSTRACT Describes a system which
measuresthe rate of ar infiltrationin



buildings usng sulphur hexafluoride as a
tracer gas. Discusses two methods for
evauating the infiltretion rate, the decay
method and the constant concentration
method. The system automatically
operates a portable el ectron capture
detector /chromatograph and samples air
on aone-minute cycle. In the decay
method the dope of concentration vs.
time on a semi-logarithmic plot can be
used to compute infiltretion rete. In the
second method the infiltration rate is
proportiona to the rate at which tracer
gas must be injected to maintain a
congtant concentration.

KEYWORDS tracer gas, sulphur
hexafluoride, insrumentation, air
infiltration, automeatic equipment

#NO 1954 A comparison of the
perfluorocarbon and tracer gas decay
methods for assessing infiltration.
AUTHOR Schaap L, Leaderer B P,
Renes S, et d.

BIBINF Proceedings of the CLIMA
2000 World Congress on Hesting,
Ventilaing and Air-Conditioning,
Copenhagen, 25-30 August 1985. Edited
by P Fanger. Vol 2 Building Design and
Performance. p19-24. 1 fig, 1 tab, 3 refs.
in English

ABSTRACT The passve
perfluorocarbon tracer (PFT) technique
for determining ar infiltration ratesinto
homes and buildings was evduated in an
environmenta chamber. Theimpact of
sampler orientation a a constant
ventilation rate and a constant
temperature, of variable ventilation rate
at a congtant temperature, and of
variable temperature at a constant
ventilation rate were evauated in three
experiments. The average rdlative
standard deviation of 16 paired samplers
deployed in experiment 1 was plus or
minus 1.9% plus or minus 1.0%

indicating good reproducibility of the
passve sampling rate and sample
andysis. No impact of sampler
orientation with respect to low air
velocities (less than 0.2 n/s) present in
housesis expected. The passve samplers
accurately measured the average tracer
concentration as compared with
calculations based on the known source
strength (CO2 decays) and the measured
ventilation rate under conditions of a 3-
fold variation in ventilation rates
(experiment 2). Temperature cycling
differences of 8 deg. C (experiment 3)
did not produce abiasin the PFT
determined ventilation rate. The PFT
technique is applicable to the expected
range of conditionsin homes and
buildings.

KEYWORDS perfluorocarbon,
environmenta chamber, decay rate,

passve sampling

#NO 2367 Predicting a time-varying
flow rate using the constant
concentration and decay technique.
AUTHOR Sandberg M

BIBINF Ashrae Trans, Vol 93 Part 1, 4
figs, 1 tab, 3 refs.

in English
ABSTRACT This study deds with the
accuracy of different tracer gas
techniquesfor predicting the mean flow
rate of atime-varying arflow rate, as
occursin naturdly ventilated houses. A
theoretical andlyss of the accuracy is
first presented. Experiments were
conducted in atest house ventilated by
natura ventilation. The methods
explored were the constant concentration
method and the decay method. The
arflow rate in the duct connected to the
house was continuoudly recorded by the
constant tracer gas flow technique. The
oscillationsin flow rates that occurred
were of ahigh frequency nature, which



should not affect the accuracy.
Incomplete mixing of both tracer gas and
ar seemsto be the greatest source of
error, even in cases with atime-varying
ventilation arflow rate.

KEYWORDS tracer gas, airflow, natura
ventilation

#NO 2738 Field study comparisons of
constant concentration and PFT
infiltration measurements.
AUTHORBohac D L, HarrjeD T,
Homner G S

BIBINF 8th AlVC Conference,
'Ventilation Technology - Research and
Application', Ueberlingen, Federa
Republic of Germany, 21-24 September,
1987, Supplement to Proceedings, p47-
62, 9 figs, 10 refs. in English
ABSTRACT The accuracy of tracer gas
measurements of building ar infiltration
rates has been awidely discussed topic.
One question that has often come up at
past AlVC conferencesisthe ability of
passive methods, such asthe
Perfluorocarbon Tracer (PFT) method,
to accurately measure fluctuation airflow
rates. A seriesof fidd sudiesisbeing
conducted to compare the air infiltration
measurements of the constant
concentration tracer gas (CCTG) and
PFT methods and provide
recommendation for their proper
implementation in the fidd. Thefidd
gudies include Sde-by-sde
measurements of multi-zone air
infiltration rates usng the CCTG and
PFT methods. The results are reported
from two tests in an unoccupied Sngle-
family house and eight testsin an
occupied house. Test periods varied
from oneto three weeks. The
measurements from the unoccupied
house showed that there were no major
discrepancies between the two methods.
The PFT measurementsin the occupied

house were consstently lower than those
by the CCTG method. Warm westher
periods with substantia, periodic airing
resulted in the PFT method producing
under-prediction errors grester than
30%. During the cold weather periods
when the fluctuation in the infiltration
rate was due to weather changesand a
smdl amount of aring, the under-
prediction error ranged from 5 to 29%.
KEYWORDS constant concentration,
perfluorocarbon, tracer gas
measurements

#NO 4642 A quantitative estimate of
the accuracy of tracer gas methodsfor
the determination of the ventilation
flow ratesin buildings.

AUTHOR Sandberg M, Blomgvist C
BIBINF Building and Environment, No
5, 1985, pp 139-150, 8figs, 3tabs, 5
refs. in English

ABSTRACT The paper presents a
quantitative estimate of the error of the
decay and congtant concentration
method. A number of tests were carried
out in an indoor test house located in the
|aboratory hal at the Nationa Swedish
Ingtitute for Building Research. At the
beginning of the paper the rlevant
meaning of the concept 'air-exchange
rat€' is discussed and an appropriate
terminology is suggested. Then follows a
presentation of the theoretica
background, based on a multi-cell
modd, of the two tracer gas methods
sudied experimentaly. Findly, the
results obtained are given. Apart from
the accuracy of the tracer gas methods,
some results of studies of the effect on
the infiltration rate due to different
operation modes of mechanica
ventilation systems are aso presented.
KEYWORDS tracer gas measurements,
ventilation rate



#NO 4866 Errorsin the measurement
of local and room mean age using
tracer gas methods.

AUTHOR SutdliffeH C, Waters JR
BIBINF UK, AlVC 11th Conference,
"Ventilation System Performance’, held
18-21 September 1990, Belgirate, Italy,
Proceedings published March 1990,
Volume 2, pp 279-292, 7 figs, 9 tabs, 1
ref. in English

ABSTRACT Loca and room mean ages
of theair in aroom may be measured by
three versons of the tracer gas
technique, which are the pulse method,
the tracer step-up method and the tracer
decay method. The values of mean age
obtained are of course subject to errors
in the measurement of the tracer gas
concentrations. The sengtivity of the
three methods to errorsin the tracer gas
concentrations is not the same, and in
some cases can be very large. In order to
examine this problem, test

measurements have been carried out in a
model room using the three different
methods. The results obtained from these
tests were then compared with each
other, and with theoretica data, which
was generated with differing levels of
error. It has been found that the step-up
method was the least reliable and local
and room mean ages generated using this
method varied substantidly from mean
ages measured using the other two tracer
gas techniques.

KEYWORDS ageing, tracer ges
measurements

#NO 6377 A study of ventilation
measurement in an office building.
AUTHOR DolsW S, Persily A K
BIBINF USA, Nationd Inst of Standards
and Technology, NISTIR 4905, October
1992, 42pp, 11 figs, 10 tabs, refs. in

English

ABSTRACT The National Indtitute of
Standards and Technology has
conducted a study of ventilation and
ventilation measurement techniquesin
the Bonneville Power Adminigtration
(BPA) Building in Portland, Oregon.
The project involved the comparison of
outdoor air ventilation measurement
techniques for relative accuracies and an
examination of changesin building
ventilation rates over time. The
following measurement techniques were
compared: tracer gas decay
measurements of whole building ar
change rates, the determination of air
change rates based on peak carbon
dioxide (CO2) concentrations, the
determination of percent outdoor air
intake using tracer gas (sulfur
hexafluoride and occupant-generated
C0O2), and direct airflow rate
measurements within the air handling
system. In addition, air change rate
measurements made with an automated
tracer gas decay system gpproximately
three years apart were compared. The
mgor findings of the sudy are as
follows. Airflow rates were measured in
the ar handling system ductwork using
pitot tube, hot-wire anemometer, and
vane anemometer traverses, and good
agreement was obtained between the
different techniques. While accurate
determinations of percent outdoor air
intake were achieved using tracer gas
techniques, the use of CO2 detector
tubes yidded unreliable results. Reliable
determinations of ventilation rates per
person were made based on SF6 decay
and direct airflow rate measurements but
the use of peak CO2 concentrations led
to inaccuracies, i.e., the over prediction
of ventilation rates by as much as 100%.
The measured values of the whole
building air change rates, and their
dependence on outdoor air temperature,



did not change significantly over athree
year period. The minimum air change
rates were above the building design
vaue and ASHRAE Standard 62-1981,
the standard on which the design was
based, but the minimum rates were
below the minimum recommendation
given in Standard 62-1989. The whole
building ar change rate under minimum
outdoor intake conditions was
determined to be twice the outdoor air
intake rate provided by the minimum
outdoor air intake fans. The additiona
ar change under minimum outdoor air
intake conditions was due primarily to
leakage through the main outdoor air
intake dampers.

KEYWORDS ventilation rate,
measurement technique, office building,
outdoor air

5.0 Air Exchange
Measurements for Multizone
Systems

5.1 Single Gas Techniques

#NO 1862 Documenting air
movementsand infiltration in
multicell buildings using various
tracer-gastechniques.

AUTHOR Harrje D T, Dutt G S, Bohac
DL,etd.

BIBINF Preprint. ASHRAE
Transactions 1985, Vol 91, Pt 2. HI-85-
40 No 3. 15p. 11 figs, 18 refs. in English
ABSTRACT Tracer gas techniques for
measuring arflowsin buildingsfal into
three categories - dilution, constant
injection, and constant concentration.
Dilution of asingle tracer workswell in
buildingswith asnglezoneand dso in
some two- zone buildings. Multiple
tracer gas measurements, necessary to
characterize flows among more zones,

are best conducted using the constant
injection approach. The constant
concentration method usesasingle
tracer gas to determine the airflow rates
from the outsde into each of as many as
ten building zones. The paper outlines
the different tracer techniques for
making arflow measurements in multi-
cdl buildings and describes the
operation of a constant concentration
system. This system measures tracer gas
concentration in different zones and
injects accordingly to maintain a
congtant concentration in each zone. The
system was tested in asingle zone
structure and successfully gpplied to a
amadl three-zone house. Sengtivity
analyses and cdlibration procedures
described in this paper define the
cgpabilities and limitations of this
technique. Although this method does
not fully characterize dl interzone
arflowsin the building, it can be useful

in anayzing the energy baance of
multizone buildings. Additiondly, these
messurements can be used to evaluate
the dilution of indoor ar pollutants and
the ventilation efficiency of buildings.
KEYWORDS multi-chamber, tracer gas,
measurement technique, decay rate,
constant concentration, constant
emission, ar movement, arr infiltration

#NO 1895 Strategy for measuring
infiltration ratesin large, multicelled
and naturally ventilated buildings
using a singletracer gas.

AUTHOR PereraM D A E S, Waker R
R

BIBINF Building Services Engineering
Research & Technology, 1985, Val 6,
No 2, p82-88. 5figs, 5tabs, 7 refs. in
English

ABSTRACT Large, multi-celled and
naturaly ventilated buildings pose many
inherent problems for the measurement



of overdl infiltration rates using tracer
gases. Conddering asingle tracer gas
decay technique, the most obvious
problems are: () locd variaionsin
infiltration, (b) imperfect internad mixing
of theair, and (c) practicd difficultiesin
digtributing (i.e., seeding) the tracer gas
and subsequently obtaining air samples.
This paper proposes ardatively smple
technique which avoids these problems
and which, if successful, makesa
breskthrough in the measurement of
infiltration ratesin large and complex
buildings. By conddering amulti-cell
modd, it is shown that it can be
sufficient to seed part of abuilding with
asgngletracer gasin order to measure
the overdl infiltration rate to a good
aoproximetion.

KEYWORDS measurement technique,
multi-chamber, tracer gas, decay rate,
methematicd moddling

#NO 2076 The use of a constant
concentration tracer gas system to
measur e ventilation in buildings.
AUTHOR Bohac D L

BIBINF PU/CEES Report No 205,

February 1986. 292p. 81 figs, 17 tabs, 45

refsin English

ABSTRACT A constant concentration
tracer gas system was designed and
constructed to continuoudy measure the
ar infiltration rate in as many asten
zones of abuilding. The portable,
microcomputer controlled systeminjects
ametered amount of tracer gasinto each
zone S0 that the concentration of the gas
isheld a the same target levd in dl the
zones. With the concentration kept at the
target levd, the ar infiltration rate of a
zone is gpproximately equa to the tracer
injection rate into the zone divided by

the target concentration. The system was
fied tested for 11 daysin an unoccupied
gngle family house. Andyss of the data

89

indicate thet the system is generaly
religble. The startup time and control of
the system was as good as, or superior
to, that achieved by other constant
concentration tracer gas systems. The
measured air infiltration rates were
reasonable and appear to respond to both
wind and stack effects. In addition, large
differencesin the infiltration in separate
zones of the house were able to be
measured even when there was a high
degree of interzone mixing.

KEYWORDS housg, tracer gas, constant
concentration, measurement technique,
multi-chamber, sulphur hexafluoride

#NO 2666 Timelagsin a two-zoneair
movement model.

AUTHOR Waters JR

BIBINF Bldg Serv Res Tech, Vol 18,
1987, 43-46, 7 figs, 5 refs. in English
ABSTRACT Multi zone models of air
movement in buildings usudly assume
that thereis no time lag in the flows
between zones. Nevertheless, such time
lags could have a Sgnificant effect on
the pattern of contaminant distribution
throughout a building. This note shows
how such effects can be evauated by
examining theoreticdly atwo zone
model with time lags. The results have
implications for the interpretation of
tracer decay measurements.
KEYWORDS modd, air movemernt,
theoretica modd, tracer gas

#NO 2745 The use of modified
constant concentration techniquesto
measur e infiltration and interzone
airflow rates.

AUTHORBohacD L, HarrjeD T
BIBINF 8th AlVC Conference,
'Ventilation Technology - Research and
Application’, Ueberlingen, Federd
Republic of Germany, 21-24 September,



1987, Supplement to Proceedings, p129-
152, 9figs, 5tabs, 12 refs. in English
ABSTRACT The constant concentration
tracer gas (CCTG) techniqueistypicaly
used to measure ar infiltration ratesin
multizone buildings. The measurements
are performed by injecting metered
amounts of atracer gasinto each zone so
asto keep dl the zones at atarget
concentration. One drawback to this
method is that no information is gained
about the leve of interzone flow ratesin
the building. Modified constant
concentration techniques are described
which alow sdlected infiltration and
interzone airflow rates to be estimated.
These techniques differ from the typica
operation in that there are certain zones
where no tracer gasisinjected. One
approach, described as discontinued
injection, is useful for measuring
interzone flow rates between two
sections of a building when the airflow
rates are relaively congtant. The tracer
gasinjection in one of the sectionsis
stopped at a certain point in time, but the
concentration measurements are
continued. The increase of tracer gas
injection in the other section and the
drop in concentration in the "sarved”
section are used to etimate the airflow
rates between the sections. Field
measurements using the modified CCTG
methods are presented for experiments
in dngle family and multifamily

buildings. The results are compared to
those obtained by passve, multiple
tracer gastests.

KEYWORDS constant concentration,
infiltration rate, airflow, tracer gas,
measurement

#NO 2882 M easurement of air change
rateisan inhabited building with a
constant tracer gas concentration
technique.

AUTHOR Roulet C, Scartezzini JL
BIBINF Ashrae Trans, Vol 93, Part 1
1987, p1371-1380, 7 figs, 11 refs. in
English

ABSTRACT An gpparatus measuring air
change rate by the tracer gas method was
built at the Solar Energy Research Group
of the Ecole Polytechnique Federale,
Lausanne. Up to 10 locations can be
measured Smultaneoudy ether by the
decay method or the congtant flow or the
constant concentration method. This
equipment was used to measure the air
infiltration in various buildings. One of
them was a three storey one-family
house, which was inhabited during the

12 day survey. The measurements show
thet in such buildings, the air infiltration
varies grongly from timeto time, even
when dl the windows and doors are
closed. Moreover, strong exchanges
between rooms are observed. It isshown
thet, in multi room inhabited buildings
the constant concentration method used
during alengthy survey dlows oneto
obtain the totd air infiltration flow rate.
With only one tracer gas, theinfiltration
rates into each room are measured, but
the exchanges between rooms can only
be estimated quditatively. Some effects
of the inhabitants behaviour are
quantified.

KEYWORDS air change rate, tracer gas,
constant concentration, air leekage

#NO 3113 New developmentsin two
methods of measuring airflow in
buildings.

Nouveaux developpements de deux
methodes de mesures aerauliques
dansles batiments.

AUTHOR Compagnon R, Furbringer J
M, Roecker C, Roulet C A

BIBINF Switzerland, LESO, July 1988,
8pp, 5figs, 12 refs. in French



ABSTRACT Techniques of measuring
arflow by pressurization such asthe
constant concentration tracer gas
technique have been intidly developed
to measure whole building ventilation.
Here are presented two devel opments of
these techniques which enable more
detailed measurements to be made of
multizone buildings. These two
developments have led to the redization
of two new messurement inddletions
MAGE and CESAR 3.

KEYWORDS measurement technique,
arflow, pressurization, constant
concentration, tracer gas

#NO 4645 New developments of two
airflow measurement methodsin
buildings.

Nouveaux developpements de deux
methodes de mesures aerauliques
dansles batiments.

AUTHOR Compagnon R, Furbringer J
M, Roecker C, Roulet C-A

BIBINF Switzerland, ETH Zurich,
"Energieforschung im Hochbau', 5th
Statusseminar, 8-9 September, 1988. in
French

ABSTRACT Thetechniques of airflow
measurement by pressurisation like the
constant concentration tracer gas method
have been initidly developed to measure
whole buildings. Here are presented two
developments of these techniques which
enable more detailed measurements on
multizone buildings to be made. These
two developments have led to the
redlisation of two new measurement
ingdlaions. MAGE and CESAR 3.
KEYWORDS airflow, pressurisation,
tracer gas, constant concentration

#NO 5691 M easur ements of therates

of air changein multivolumes:
constant concentration method,
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presentation of a mobile system
designed by LNE.

M esures du taux derenouvellement
d'air dansles multivolumes: methode
a concentration constante,
presentation d'un systeme mobile
realisepar le LNE.

AUTHOR Rabourdin Y

BIBINF Intervention au Seminaire
Gerva, 19-20 September 1989, Sophia-
Antipolis, 10p. in French

ABSTRACT Presentation of the
experimenta device"EMMARA"
(mobile automatic air change measuring
equipment) amed a determining air
change ratesin amulti room premises by
tracer gas (N20) at constant
concentration: principle of function,
measurement method, first test results.
KEYWORDS air change rate, constant
concentration, measurement technique

#NO 9740 M easurement of multizone
airflow in experimental house.
AUTHORDai S

BIBINF Japan, proceedings of the 5th
International Conference on Air
Digribution in Rooms, Roomvent 96,
held Y okohama, Japan, 17-19 July,
1996, Volume 1, pp 55-60.
ABSTRACT Prediction and
messurement of interzond arflow ina
building isimportant in evauaing and
planning IAQ, therma comfort, etc. In
our experimental house, we planed the
digribution of fresh air, passve
ventilative cooling in summer. In this
context the measurement of multi-zone
arflow in this house, consdered as 17
rooms, was heeded. In gpplication of the
measurement method using asingle
tracer gas, based on the system
identification theory proposed by
Okuyama, some improvements were
made to secure accuracy. The additional
measurement for the fresh airflow from



outside to each room was dso carried
out by another method of congtant-
concentration. In this paper, these
measurements and results are described.
KEYWORDS multizone airflow,
residentid building, therma comfort

#NO 12112 Evaluation of ventilation
characteristics of residential buildings
based on multi room tracer gas decay
experimental techniques.

AUTHOR Kurabuchi T, YoshiharaK,
Usui M

BIBINF Sweden, Stockholm, KTH
Building Services Engineering, 1998,
proceedings of Roomvent 98: 6th
International Conference on Air
Digribution in Rooms, hdd June 14-17
1998 in Stockholm, Sweden, edited by
Elisabeth Mundt and Tor-Goran
Mamstrom, Volume 2, pp 483-490, 19
figs, 1 tab, refs.

ABSTRACT Under the conditions that
the air in each room isin the sate of
perfect mixing and ventilationisin

steady state, a method to estimate steady
gtate concentration distribution to match
an arbitrary contaminant generation
digribution is proposed, using
concentration data obtained from short-
time tracer gas experiment. Also, a
method is proposed, which isused to
edimate ventilation rate by adding other
available equations. The proposed
method was tested on full-scale house
modds inddled in the environmenta

test room, and it was confirmed that the
steady State concentration by the
proposed method corresponds well to the
steady state concentration obtained by
tracer gas continuous generating method.
The proposed method was applied on
one each of asngle house and a
collective house with high air tightness
performance, for which elaborate
equipment for ventilation has been
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adopted, and ventilation characteristics
was evauated from multilaterd
viewpoints.

KEYWORDS air tightness, contaminant
sources, full scae experiments,
measurement technique, resdentia
building

#NO 12214 Comparison of modelled
and measured tracer gas
concentrationsin a multizone
building.

AUTHOR SextroR G, Daisey JM,
Feustdl H E, Dickerhoff D J, Jump C
BIBINF UK, Garston, BRE, 1999,
proceedings of Indoor Air 99, the 8th
International Conference on Indoor Air
Qudity and Climate, and the Air
Infiltration and Ventilation Centre
(AIVC) 20th Annua Conference, held
Edinburgh, Scotland, 8-13 August 1999,
Volume 1, pp 696-701.

ABSTRACT Few detailed comparisons
of moddled and measured pollutant
concentrations in multizone buildings
have been published. The COMIS
arflow and contaminant trangport model
permits Smulation of the effects of
building and HVAC operation, as wel
asthe influence of thelocd

meteorology, on arflows within the
building. We have recently used this
mode to Smulate the release of agas-
phase tracer in athree-gtory, multi-room
building located & Dugway Proving
Ground, Utah, USA. Following detailed
leakage and flow- path characterisation
measurements of the building,
experiments were conducted in which
tracer gas concentrations were measured
asafunction of timein each room of the
building. Comparison of the smulations
with these detailed measurements
showed reasonable-and in some cases,
quite good - agreement. The paper
describes some details of the



experiments and modelling and
discusses the differences between the
observed and the predicted
concentrations.

KEYWORDS tracer gas, modelling,
measurement technique, multizone
building

#NO 13079 Experimental testing of a
homogeneous tracer pulse technique
for measurement of ventilation and
air digribution in buildings.
AUTHOR Stymne H, Hansson P,
Boman C A

BIBINF UK, Air Infiltration and
Ventilation Centre, proceedings of
"Innovetionsin Ventilation

Technology"”, 21t AIVC Annud
Conference, held The Hague,
Netherlands, 26-29 September 2000,
paper 30.

ABSTRACT A number of dngle tracer
gas techniques (decay, step-up,
homogeneous congtant emission, inlet
pulse and homogeneous pulse) suitable
for measuring the local mean ages of ar
in multi- zone buildings exig, each
having their advantages and drawbacks.
The characteridtics of the different
available techniques are compared from
theoretical and practica points of view.
The homogeneous pulse technique has
not been experimentally vaidated
before. This technique relies on pulses of
tracer gas being injected into the
different zones in amounts, which are
proportiond to the zone volumes. Some
advantages with the "homogeneous
pulsg" technique, compared with the
"inlet pulse”’ technique, are that the
pulses can be injected at any time path,
that they must not necessarily be short
and that the evduation of local mean
ages of ar involvesasmpletotd time
integration of concentration, making it
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possble to utilise integrating air
samplers (e. g. adsorption tubes).

The homogeneous pulse technique is
tested againgt the decay techniquein a
five-room indoor test house, using both
automatic and manud injection of tracer
gas. It is shown that thistechnique yields
results as accurate as the decay
technique. Usng manud injection (with
syringe), however, requires specid
caution in order to achieve auniform
digribution of theinjection in aroom
and to avoid redigtribution while
walking between rooms.

KEYWORDS tracer gas techniques,
measurement techniques, multizone
building

5.2 Active Multigas Techniques

#NO 3123 Constant concentration
measur ement with two tracers.
AUTHOR Kvisgaard B, Collet PF
BIBINF in: "Effective Vertilaion” Sth
AlVC Conference, Gent, Belgium, 12-
15 September, 1988. in English
ABSTRACT The technique of tracer gas
measurement has during recent years
tended towards increasingly complicated
measuring methods. The new measuring
techniques are essentid in order to
procure more information about the
circulaion of ar through buildings, or in
order to perform more accurate
measurements in large and complex
buildings. The measuring method by
means of "congtant concentration of
tracer-gas', which has been gpplied at
the Technologicd Ingtitute for about 7
years, has proved to be a very accurate
measuring method for both smal and
very large buildings. The method hasthe
advantage of being able to continuoudy
register the air change in ameasuring



area divided in numerous zones. The
limitation of this method isthat only
information about the infiltration from
outsde into the measuring areais
obtained whereas no details are given
about the air-flow between the
individua zones of the measuring area.
The limitation of the measuring method
can be overcome by using 2 tracer-gases.
The article describes the different
philosophies on which measurements
with "constant concentration of 2 tracer-
gases' might be based, measurement
result to be obtained, and discusses
whether there is any advantage of using
more than 2 tracer-gases. In addition a
specific measurement is described,
where the method with "constant
concentration of 2 tracer-gases' is used.
KEYWORDS constant concentration,
tracer gas, measurement technique

#NO 3132 Development of an efficient
control algorithm for a multizone
constant concentration tracer gasair
infiltration measurement system.
AUTHOR Compagnon R, Kohler A, et
a

BIBINF in: "Effective Vertilation”, 9th
AlIVC Conference, Gent, Bdgium, 12-
15 September, 1988. in English
ABSTRACT A congtant concentration
tracer gas (CCTG) measuring system
needs a control algorithm to caculate, at
each sampling time, the required tracer
gasinjection rate to keep the gas
concentration at atarget level. A new
control dgorithm is presented herein
full detall. Practicad consderations
concerning modifications to take into
account the physical limitations of the
CCTG system and the computing of the
optimal control parameters are also
presented.

KEYWORDS computer, constant
concentration, tracer gas, measurement
technique

#NO 4980 Air change measur ements
between zones and the outside.
Mesures d'echangesd'air entreles
locaux et avec I'exterieur.

AUTHOR Compagnon R, Furbringer J-
M, Jakob M

BIBINF Switzerland, LESO-EPFL,
March 1991, 126pp. in French
ABSTRACT 1 The multizone
infiltration theory gpplied to multi-tracer
measurement techniques. Thistheory
presents some improvements, mainly
using a correct mass baance and taking
account of dengty variations. A zone-
by-zone resolution techniqueis
proposed, which can be applied aso
when there are less tracers than zones to
be measured. The error andyssisaso
presented in details, including various
solution techniques (matrix inversion,
least square fit and Bayesian technique).
An exampleisaso presented.2 The
three tracers constant concentration
CESAR 3 gpparatus is described, aswell
as the related software used for
monitoring and interpreting the
measurements. 3 Measurements
performed with that instrument are
presented. There are results on the
mixing time in atest chamber, multizone
arflow rates measurements on the LESO
building, amap of theage of arina
room, efficiency of aventilation system,
etc. 4 A bibliographic survey and the
recent publications related to that
research project annexed. Thispartisin
English.

KEYWORDS air change rate, outdoor
ar, measurement technique

A Multigas Tracer System for
Multizone Air Flow Measurements



AUTHOR Sherman, M.H., and
Dickerhoff, D.J.

BIBINF Proceedings of BTECC 1V
Therma Performance of Exterior
Envelope. 1989 Atlantas ASHRAE
ABSTRACT Tracer gastechniques are
becoming widely used to measure the
ventilation rates in buildings. As more
detailed information is required for both
energy and indoor air quality purposes,
researchers are turning to complex,
multi-zone tracer strategies. Both single-
gas and multiple-gas techniques are
being utilized, but only multiges
techniques are cgpable of uniquely
determining the entire matrix of arflows
smultaneoudy. A nationd laboratory
has developed a multi-tracer
measurement system (MTM S)based on a
mass spectrometer to provide rea time
measurement capability of time varying
interzona flows. MTMS has been used
in both single-family and multi-family
buildings to determine the flow rates
both between zones and between each
zone and outdoors. Thisreport will
describe the devel opment, theory, and
operation of MTMS and provide
examples of data from itsfirs year of
operation in an occupied and unoccupied
house.

5.3 Passive Multigas
Techniques

#NO 1258 Ventilation rates and inter
cel airflow ratesin a naturally
ventilated office building.

AUTHOR PereraM.D.A.E.S. Walker
R.R. Oglesby O.D.

BIBINF 4th AIVC Conference "Air
infiltration reduction in exiding

buildings' Switzerland, 26-28
September 1983 p.12.1-12.13 5figs. 5
refs in English

ABSTRACT Determines ventilation
rates and intercell flow ratesin naturdly
ventilated office building usng multiple
tracer gases. Subdivides the building into
3zones and seeds each zone individudly
with a different tracer gas. Monitorsthe
time higtories of the concentrations of
gasss in each zone using non-dispersive
infrared gas analysers. Caculates
arflow rates from experimental data.
Uses an in-house computer program
which predicts the disperson of atracer
gas in amulti-zoned environment, to
compare the predicted time histories of
concentrations with those obtained
experimentaly.

KEYWORDS arflow, multi chamber,
moddlling, tracer gas, office building

#NO 1731 Application of

perfluor ocarbon tracersto multizone
airflow measurementsin mechanically
and naturally ventilated buildings.
AUTHOR Dietz R N, GoodrichR W,
CoteEA, et d.

BIBINF Upton, New Y ork,
USA:Brookhaven Nationd Laboratory,
Dept of Applied Science, August 1984.
BNL 35249. 23p. 7 figs, 7 tabs, 10 refs.
in English

ABSTRACT The Brookhaven air
infiltration measurement system
(BNL/AIMYS) uses afamily of four
passive perfluorocarbon tracer sources
and miniature passive adsorbent
samplersto inexpensvely but very
effectively tag individua zoneswithin
multizone buildings with uniquey
discernible tracer vapours. The
concentrations measured with the
passive samplers dlow the air

infiltration and exfiltration rates from
each zone to be computed as well asthe
ar exchange rates between zones. Two
naturaly ventilated buildings, a 2-zone
(3056 m3) jailhouse and a 4-zone (1028



m3) gpartment building were tested: the
former showed a2.5t0 1 ratio in the
fresh air rates into the zones. Two
mechanicaly ventilated buildings, each
of 3-zones, were also tested. The 3-
dorey (each floor was a zone) library
(5840 m3) was shown to have 10 times
more fresh air entering the first floor
than the second (1.33 h-1 compared to
0.15 h-1). The 16-dorey office building
(142,500 m3) had 4 times as much fresh
ar in one zone compared to a Side-by-
sgdeidentica zone (1.07 h-1 versus 0.25
h-1). The performance of BNL/AIMS in
cartifying HVAC sysemsis
demonstrated.

KEYWORDS tracer gas,
perfluorocarbon, measurement
technique, multi-chamber, airflow,
neturdl ventilation, mechanica

ventilation

#NO 1843 Automation, extension and
use of the PCL multi-tracer gas
technique for measuring interzonal
airflowsin buildings.

AUTHOR Littler J, Martin C, Prior J
BIBINF Find Report on SERC Grant
GR/C/63427. RIB/1985/718. January
1985. 26p. 14 figs, 8 refs. in English
ABSTRACT Describes the development
of an automated air sampling equipment
to measure ar infiltration and interzond
arflows A new matrix analys's method
has been developed to cdculate Sngle
zoneinfiltration and interzond arflow
rates from measured data. A number of
multi- zone experiments have been

carried out in the PCL solar heated
house at Peterborough, and severa
single zone infiltration rate measurement
experiments have been carried out in a
wide variety of buildings. A grab-tube
method has been devel oped for ng
ar change rates.

KEYWORDS tracer gas, multi-chamber,
passive sampling, passve solar house,
measurement technique, automatic
equipment

#NO 1992 The measurement of
airflowsusing arapid response tracer
gastechnique.

AUTHOR Irwin C, Edwards R E,
HowathA T

BIBINF Building Services Engineering
Research and Technology, 1985, Vol 6
No 4, p146-152. 7 figs, 1 tab, 7 refs. in
English

ABSTRACT The multiple tracer gas
technique of I'Anson et d. has been
improved, in order to increase the rate at
which samples can be taken. Using
parald gas chromatographic separation
columns and an eectron capture
detector, it is now possible to take an
ar/tracer gas sample every thirty
seconds in the case of atwo-zone
ventilation and air movement test. Rapid
sampling enables a new, smplified
andysis of the air movement between
two connected zones to be employed.
This andys's derives ventilation rates

and intercell arflows smultaneoudy. A
specimen et of resultsfor two cdll
ventilation/air movement is given.
KEYWORDS tracer gas, measurement
technique, decay rate, air changerate, air
movement, multi-chamber

#NO 2645 The measurement of air
movements between four
interconnected cells by a multiple
tracer gas decay technique.
AUTHOR EdwardsR E, I'win C
BIBINF Roomvent 87, proceedings,
Stockholm 10-12 June 1987, 16p, 9 figs,
2 tabs, 10 refs. in English
ABSTRACT This paper describesthe
development and application of a
multiple tracer gas decay technique for



the measurement of the ventilation rates
in, and the air movements between, four
interconnected cells. The measurement
equipment used is arefinement of the
exiging UMIST pardld separation
column portable gas chromatograph. By
the use of the paralld dectron capture
detectors, it is possible to measure the
concentrations of four tracer gasesin
four cdls, within sufficiently short a
timeinterva for an ar movement
calculation procedure, based on the
previous procedures used for two and
three cdlls, to be used successfully: this
procedure is summarised in this paper. A
typica set of resultsis presented, in
order to demongtrate a Stuation in which
the technique could be gpplied to
complex ar movements within the
building envelope. The possible
extenson of the technique to five or
more cdlsisaso briefly discussed.
KEYWORDS measurement technique,
air movement, tracer gas, decay rate

#NO 3576 A comparison of different
methods of calculating inter zonal
airflows by multiple tracer gas decay
tests.

AUTHOR Irwin C, EdwardsR E
BIBINF in:UK, AIVC, 10th AIVC
Conference, held at Espoo, Finland, 25
28 September 1989, Volume 2, February
1990, pp57-70, 3figs, 2 tabs, 11 ref in
English

ABSTRACT Messurement methods
based upon multiple tracer gas
techniques have become an established
branch of the study of air infiltration and
interzond ar movements. Three genera
groups of techniques have emerged,
namely constant concentration, constant
emission, and decay. Of the decay type
group of techniques, severa methods of
deriving airflows from measured
concentration/time curves have been
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suggested. Broadly speaking, these
techniques can be classified into three
types numerical methodsinvolving the
use of concentration gradients,

numericd methods involving use of
integration of concentration/time data,
and thirdly, techniques based upon
andyticd solutions for the fundamentd
tracer gas equations. The favoured
method of anadlysisa UMIST has been
that of asmplified andyticd solutionin
which the effects of tracer gasre-
circulaion are only taken into account if
the degree of connection between zones
ishigh. This method of andys's has been
successfully vaidated for the cases of
two and three interconnected cells under
controlled conditionsin environmental
chambers. However, up until now, no
direct comparison with the results
generated by other methods using the
same raw concentration/time data has
been made. This paper describes an
exercise in which ste data for two and
three zone regimes is anadyzed by

severd different methods, and the results
obtained by each method compared. It is
demondtrated that, in particular,
concentration gradient methods appear
to be particularly ill-suited to deding
with dte data which exhibits
irregularitiesin concentration-time
profiles caused by fluctuationsin wind
gpeed and direction. Integration
techniques only appear to be margindly
better.

KEYWORDS caculation techniques,
tracer gas

#NO 6978 Ventilation rate and airflow
measurementsusing a modified PFT
Technique

AUTHOR Bloemen H JTH, Verhoeff A
P, Blavers T T M, Torn P van der,
Wijnen JH van



BIBINF Finland, Helsinki, Proceedings
of 'Indoor Air '93, The 6th Internationa
Conference on Indoor Air Qudity and
Climate, July 4-8, 1993, Volume 5,
"Ventilation”, pp 91-96. in English
ABSTRACT The ventilation rate and the
arflowsin buildings are important both
for the management of (hedth)
complaints related to indoor air quality,
and for the assessment of the penetration
of outdoor air pollutants into indoor air.
A relatively smple method that provides
reliable information on the ventilation
rate and airflows over longer periodsis
needed. The BNL/AIMS PFT technique,
initidly developed by Dietz et d. (1),
was modified usng commercidly
available components. Three different
perfluorcarbons,
perfluordimethylcyclobutane,
methylcyclopentane and
methylcylohexane, were used as tracers.
Source strengths were constant within
3% for periods of six weeks at
temperatures ranging from 20 to 27
degrees C. Passve sampling was
feasible using Carbotrap as adsorbent.
The adsorption and desorption
efficiencies were gpproximately 98%.
Samples were andlyzed using capillary
gas chromatography, a porous-layer
open tubular column (Al2 O3) and
electron capture detection. The accuracy
of the tracer andysis at concentrations
usudly obtained for ventilation
measurements was within 5 to 10%. Ina
pilot study the mean coefficient of
variation was gpproximately 5%. The
location of the sampling tube and of the
source in the room had no significant
influence. The mean ventilaion ratein
the living rooms and bedrooms was 1
and 1.7,respectively. Thevariation in
time was smdl. The ventilation rate of
the living room was higher in older
dwellings and/or if occupants were

smokers. The ventilation rete of the
bedroom was higher inflatsthan in
gngle-family dwdlings and in older
dwdlings, the rate was dso higher if the
occupants were smokers and rose with
an increasing number of occupants.
KEYWORDS vertilation rate, airflow,
measurement technique,
perfluorocarbon, tracer gas

6.0 Air Distribution System
Measurements

6.1 Duct Leakage Flows

#NO 7472 Field comparison of
alternative techniques for measuring
air distribution system leakage.
AUTHOR ModeraM P

BIBINF Paper submitted for ASTM
Symposium on Airflow Performance of
Building Envelopes, Components and
Systems, October 10-11, 1993, Ft
Worth, TX, USA, 16pp, 7 figs, 4 tabs,
refsin English

ABSTRACT ASTM has recently
standardized a methodology for
measuring the leskage of residentid air
digtribution systems to unconditioned
zones. The standard includes two
dternative leskage measurement
techniques, one of which requires only a
blower door, wheresas the second
technique requires a flow-capture hood
aswell asablower door. This paper
reports on the results of fied
measurements in 30 houses using both
measurement techniques, and andyzes
the relative strengths and weaknesses of
the two techniques. The repeatability of
each of the techniques, aswdll asthe
comparability of the results from the two
techniques, are examined. A key issue
that is addressed in this paper isthe
importance of duct pressure



measurements in each of the two
techniques. Analyses show that the
leakage measured with the blower-door-
only technique would be negetively
biased by 30-50% if the duct pressure
was not incorporated into the
measurements and andyses as is
specified in the gandard. Smilarly, itis
shown that supply leskage
measurements with the flow- capture-
hood technique would be negatively
biased by 33% if the envelope pressure
differentid was used ingteed of the duct
pressure differentia.

KEYWORDS Duct, air leakage, fan
pressurization, messurement technique,
ar infiltration.

#NO 10265 Field comparison of design
and diagnogtic pathways for duct
efficiency evaluation.

AUTHOR Andrews JW

BIBINF USA, Washington DC,
American Council for an Energy
Efficient Economy (ACEEE),
Proceedings of the 1996 Summer Study
on Energy Effidency in Buildings
"Prafiting from Energy Efficency”.
ABSTRACT A new method of test for
resdentid therma distribution

efficiency is currently being developed
under the auspices of the American
Society of Heating, Refrigerating, and
Air-Conditioning Engineers (ASHRAE).
Thistest method will have three main
approaches, or " pathways,” designated
Design, Diagnogtic, and Research. The
Design Pathway uses builder's
information to predict therma
didribution efficiency in new
congtruction. The Diagnostic Pathway
uses ar-flow, temperature, and pressure-
difference tests intended to take one to
four hoursto evauate therma
digtribution efficiency in a completed
house. For forced-air systems, three

digtinct techniques are being consdered,
one based on thermd inputs and outputs
in the duct system, the second based on
pressure and leakage-area
measurements, and the third based on
pressure differentids induced in the
house by partid blockage of the return
duct. This paper presents and discusses
the results of Design Pathway

ca culations based on measured duct-
system and floor-plan layouts and
surface areas (in lieu of building plans)
for fifteen resdentid duct sysemsin
Long Idand, New York. These are
compared with measured Diagnostic
Pathway efficienciesin eight of these
homes.

KEYWORDS duct, energy efficiency,
standard

#NO 11612 HVAC ductwork:
constant-injection tracer-gas
assessment of airtightness.
AUTHOR Cheong K W

BIBINF UK, Building Serv. Eng. Res.
Technal., Vol 19, No 3, 1998, pp 171-
174, 6figs, 2 tabs, 13 refs.
ABSTRACT Congant injection of tracer
gas was used to determine the
artightness of agtraight length of 300 x
300 mm sguare duct in alaboratory
Setting. Holes are preformed in the
ductwork which is connected to afan
with variable speed control to smulate
leakages. The holes can be sedled with
rubber bungs to Smulate an airtight
ductwork. 'Stationary' and 'mobil€e
methods have been developed. The
dationary method is suitable for
conditions where the locations of the
leaks in the ductwork is known. The
'mobil€ method is used to determine the
airtightness of ductwork without any
prior knowledge of the locations of
leks. Both methods were found capable
of locating the leaks and of determining



the leakage rate of the ductwork without
disrupting the operation of the HVAC
system. Algorithms were established for
leskage rates in terms of airflow rates
and for leskage rates in terms of pressure
drops.

KEYWORDS duct, component |eakage,
cdculation techniques

#NO 13604 The current state of duct
leakage measurement: field evaluation
of five methods.

AUTHOR Francisco PW

BIBINF Home Energy, March/April
2001, pp 32-35, 2 figs.

ABSTRACT Describes a study of test
methods for duct leskage which reveded
that thereis room for improvement in
this evalving fidd. Five different
methods of measuring duct leskage were
evauaed. Thefirst two were from
proposed ASHRAE standard 152P; the
Duct Blaster test (duct pressurization
test), and the house pressure test. The
other three were the supply-blocked
house pressure test, whichisa
modification of the house pressure test,
the hybrid test, which isacombination

of the two tests in Standard 152P, and
the nulling test, which the authors
developed near the beginning of the
project. Ten one-storey homesin the
Pecific Northwest US were tested,
induding eght Sngle family and tow
manufactured homes. A tableis
presented showing summary statistics of
the five tests methods. To predict the
effect of duct leskage on energy loss, it
IS necessary to look at the ratio of the
leskage to the air handler flow rate. On
average, al of the methods are within
5% of the best-estimate ratio of duct
leskage to air handler flow rate.
However the scatter was quite large for
the two house pressure tests and the
hybrid test. States that the project's
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findings indicate that the measurement
of duct leskageis ill far from an exact
science. Theleve of discrepancy can
have alarge impact on the prediction of
duct losses and will sometimes provide
the wrong answer asto whether it is
worth performing aleakage retrofit on
the ducts. The Duct Blagter and nulling
test were found to be much more
accurate than the other tests.
KEYWORDS duct leskage, field
monitoring, pressurization testing,
energy losses

HVAC Air Duct Leakage Test Manual
AUTHOR SMACNA
BIBINF SMACNA, 1985.

Two New Duct Leakage Tests
AUTHOR Andrews, JW.

BIBINF Brookhaven National
Laboratory. Report 66148, 1998.
ABSTRACT Two variations on the tests
for duct leakage currently embodied in
ASHRAE Standard 152P (Method of
Test for Determining the Design and
Seasond Efficiencies of Resdentia
Thermd Didribution Sysems) are
presented. Procedures are derived for
caculating supply and return duct
leakage to/from outside using these new
variations. Results of these tests are
compared with the original onesin
Standard 152P on the basis of data
collected in three New York State
homes.

M easurement Uncertaintiesin the
DeltaQ test for Duct L eakage.
AUTHOR Andrews, JW

BIBINF Brookhaven National
Laboratory report BNL-67894, 2000.
ABSTRACT Theoretica and field-test
results are reported on a new method for
messuring ar leskage in resdentid duct



gystems. Thistes, called the Deta Q test
by its developers, involves a set of 10

or 11 pairs of measurements using a
cdibrated fan (blower door). Each pair
of measurements is performed with the
house pressurized or depressurized to a
different pressure with respect to
outsde. Onetest in each pair is
conducted with the system fan on, the
other with it off. Each pair of
measurements gives alinear equaion in
two unknowns, where the unknowns are
the air leskage rates (under normal
operating conditions) from the supply
ductsto outsde and into the return ducts
from outsde. The draight lines
represented by these equations rarely
intersect & asingle point, o alesst-
squaresfit is used to find the best
compromise vaue for the supply and
return leskage rates. This report
describes atheoreticd analyss of errors
resulting from mismatches between the
assumed and actua operating conditions
in the ducts and Corn uncertainties in the
blower-door airflow measurements. It
develops away to estimate the probable
errors on a house- specific bass? using
the data from a single gpplication of the
DdtaQ test. Findly, it gppliesthis
andysisto fidd-test results from two
houses.

Analysis of M easurement
Uncertaintiesin the Nulling Test for
Air Leakage from Resdential Ducts
AUTHOR Andrews, JW.

BIBINF Brookhaven National
Laboratory Report BNL-68430, 2001.
ABSTRACT An andyssof
measurement uncertainties in a recently
proposed method of measuring air
leskage in resdentid duct systems has
been carried out. The uncertaintiesin
supply and return leskage rates are
expressed in terms of the vaue of the
envelope leskage flow coefficient and
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the uncertainties in measured pressures
and arflow rates. Results of the andysis
are compared with data published by two
research groups.

Development of a New Duct L eakage
Test: DeltaQ

AUTHOR Wadker, 1.S., Sherman, M.H.,
Wempen, J., Wang, D., McWilliams,
JA., and Dickerhoff, D.J.

BIBINF Lawrence Berkeley Nationd
Laboratory publication #47308, 2001
ABSTRACT In this study we developed
the andyticd cdculation methods and
the test procedures used in the DeltaQ
test. As part of the development process,
we have esimated uncertainties in the
test method (both analyticaly and based
on field data) and designed automated
test procedures to increase accuracy and
reduce the contributions of operator
errorsin performing fidd tess. In
addition, the test has been evaluated

in over 100 houses by severa research
teams to show that it can beused ina
wide range of housesand to ad in
finding limits or problemsin fidd
applications. Thetest procedureis
currently being considered by ASTM as
an update of an exigting duct leskage
standard.

ASHRAE Standard 126P : Method of
Testing HVAC Aiir Ducts
AUTHOR ASHRAE

BIBINF American Society of Heating
Refrigeration and Air-Conditioning
Engineers, Inc., 1999.

ABSTRACT This standard provides
laboratory test procedures for the
evauation of HVAC air ducts. This
standard may be used to determine
HVAC ar duct structura strength,
dimensond gahility, durability and
leakage characterigtics.



ASTM 1554-94 - Standard Test
Methods for Deter mining Exter nal
Air Leakage of Air Distribution
Systems by Fan Pressurization
AUTHOR ASTM

BIBINF Annua Book of ASTM
Standards VVol. 04.11. American Society
for Testing and Materids, 1994
ABSTRACT These test methods cover
two techniques for measuring the air
leakage of the sections of air distribution
systems that pass outs de the conditioned
space in low-rise resdentid and small
low-rise commercid buildings. Both
techniques use air flow and pressure
measurements to determine the leskage
characterigtics, and include separate
measurements of the supply-sde and the
return-9de digribution system leakage.

EUROVENT Guiddines 2/2 Air

L eakage Ratein Sheet Metal
Distribution Systems

AUTHOR EUROVENT / CECOMAF
BIBINF European Committee of Air
Handling and Air Conditioning
Equipment Manufacturers/ Committee
of Refrigeration Equipment Indudtries,
1996.

SUMMARY This document describes a
leakage class system for duct leakage. It
also describes testing procedures for
determining leskage in a duct section.

Improving Ductwork: A Timefor
Tighter Air Distribution Systems, A
satusreport on ductwork airtightness
in various countrieswith
recommendations for future designs
and regulations.

AUTHOR F. R. Carrie, J. Andersson, P.
Wouters

BIBINF AIVC and SAVE-DUCT
Project Partners, 1999

SUMMARY Thisguideisdivided into
10 chapters. Chapter 2 givesan

overview of quality requirements of
ductwork. Chapter 3 summarises
ductwork airtightness related standares
in Europe and some other non European
contries. Chapter 4 looks at today's
ductwork technology. It includesa
review of ductwork congtruction,
ingalation and rehailitation techniques
that may be used to limit duct leskage.
Chapter 5 is concerned with traditionsin
the design and ingalation of duct
systems. Chapter 6 deds with duct
leakage field measurements in European
countries. Little information is available
on this subject, however, fidd datafrom
the SAVE-DUCT project suggests that
the ductwork airtightnessisin generd
very poor. Chapter 7 discusses the
energy, indoor ar quality and cost issues
associated with duct leskage. Sample
cdculations are performed based on
redligtic data. Chapter 8 isdedicated to a
macroscopic approach to the energy
implications of atight air duct policy at
the European level. Chapter 9 consists of
asynthess of issues brought to light by
practitioners, manufacturers, and policy
makersin the international seminar on
ductwork artightness held in Brussdls
June 10-11, 1998. Chapter 10 is more
particularly geared towards the
implementation of atight air duct policy
with recommendations for technica and
governmental measures.

California Title 24, Residential &
Nonresidential Energy Efficiency
Building Standards

AUTHOR CEC

BIBINF Cdifornia Energy Commission,
2001

SUMMARY This document lays out the
regulations and standards relating to the
energy effidency of buildingsin
Cdifornia



ASHRAE Standard 152P : Method of
test for Determining the Design and
Seasonal Efficiencies of Residential
Thermal Distribution Systems.
AUTHOR ASHRAE

BIBINF American Society of Heating
Refrigeration and Air-Conditioning
Engineers, Inc., 1999.

ABSTRACT The objective of this
method of test isto provide estimates of
the efficiency of therma digtribution
systems Thisefficency may beusad in
energy consumption or system capacity
estimates. This method of test provides
thermd digtribution system efficiencies
for both hegting and cooling systems. In
addition, thermd digtribution system
efficiency is cdculated for seasond
conditions (for energy consumption) or
design conditions (for system szing).
Thsreaultsin atota of four outputs from
the method of test.

6.2 Airflow through Ducts and
Duct Networks

#NO 3360 M easurement of turbulent
flow in aduct using atracer gas
technique.

AUTHOR Riffat SB, LeeSF

BIBINF UK, Loughborough University
of Technology, Dept of Civil
Engineering, 1989, 25 pp, 10figs, 9 refs.
in English

ABSTRACT We describe the use of the
congtant injection tracer gas technique to
Sudy turbulent flow in a rectangular

duct. A comparison between tracer gas
measurements and measurements made
using a hot-wire anemometer and a pitot
tube is presented. Measurement of tracer
gas concentration, air velocity and
pressure distribution at various distances
from the duct wall and inlet were carried
out. The Reynolds number based on the
hydraulic diameter and the bulk velocity

103

was varied between 7.5 x 10-4 and 18.6
x 10-4. A theoretica expression for the
entrance length required for fully
developed turbulent flow was obtained
and thiswas compared with

experimentd results.

KEYWORDS turbulent flow, duct,
tracer gas measurements

#NO 3889 Turbulent flow in a duct:
measurement by atracer gas
technique.

AUTHOR Riffa SB

BIBINF UK, Building Serv Eng Res
Technol, Vol 11, No 1, 1990, pp21-26,
10figs 10 refs in English

ABSTRACT Article describes the use of
the congtant injection tracer gas
technique to study turbulent flow ina
rectangular duct. A comparison between
tracer gas measurements and
measurements made using a hot-wire
anemometer and a pitot tubeis
presented. Tracer gas concentration, air
velocity and pressure distribution were
messured at various distances from the
duct wdl and inlet. The Reynolds
number based on the hydraulic diameter
and the bulk velocity was varied
between 7.5 x 10 to the power of 3 and
18.6 x 10 to the power of 3. An
empiricad equation for the entrance
length required for fully developed
turbulent flow was obtained and this was
compared with experimenta results.
KEYWORDS turbulent flow, duct,
tracer gas measurements

#NO 4070 Field measurementsof air
velocity: pitot traverse or vane
anemometer ?

AUTHOR Howel RH, Sauer H J
BIBINF USA, Ashrae J, March 1990,
pp46-52, 4 figs, refs. in English
ABSTRACT A rotating vane
anemometer at a downstream coil face



can provide the same accuracy asan in-
duct pitot tube traverse.

KEYWORDS air velocity, anemometer,
measurement technique

#NO 4466 The application of tracer-
gastechniquesfor measuring airflow
in aduct.

AUTHOR Riffat SB

BIBINF Canada, Indoor Air '90,
Proceedings of the 5th Internationa
Conference on Indoor Air Qudity and
Climate, Toronto, 29 July -3 August
1990, Volume 4 "Building and System
Assessments and Solutions', pp 21- 26.
in English

ABSTRACT A description of the use of
tracer-gas techniques for measurement
of arflow in ducts s presented.
Experimental procedures for the use of
the congtant-injection, puse-injection
and concentration-decay techniques are
discussed. This paper aso describes a
new tracer-gas sysem with variable
sampling speed which was used to
measure the decay of tracer-gas
concentration. Measurements of airflow
made using each of the three tracer-gas
techniques are compared with
measurements made with a pitot tube.
The closest agreement is observed for
measurements made with the constant-
injection technique.

KEYWORDS tracer gas, duct, airflow

#NO 4643 A comparison of tracer-gas

techniquesfor measuring airflow in a
duct.

AUTHOR Riffat SB

BIBINF Journd of the Indtitute of
Energy, March 1990, pp 18-21, 5figs, 6
refs. in English

ABSTRACT A description of the use of
tracer-gas techniques for measuring
arflow in ductsis presented.
Experimenta proceduresfor the use of

the congtant-injection, pulse-injection
and concentration-decay techniques are
discussed. This paper also describes a
new tracer-gas sysem with variable
sampling speed, which was used to
measure the decay of tracer-gas
concentration. Measurements of airflow
made with each of the three tracer-gas
techniques are compared with
measurements made with a pitot tube.
The closest agreement is observed for
measurements made with the congtant-
injection technique.

KEYWORDS tracer gas, airflow, duct

#NO 4799 Airflow measurements at
coil faceswith vane anemometers:
statistical correlation and
recommended field measurement
procedure.

AUTHOR Sauer H J, Howell R H
BIBINF USA, ASHRAE Transactions,
Vol 96, Part 1, 1990, pp 502-511, 15
figs, refs. in English

ABSTRACT A procedure for measuring
the volume flow rate of air through a
heeting or cooling cail is presented.
When apitot tube traverse isimpossble
or impractica, the rotating vane
anemometer procedure described and
verified here will provide volume flow
rates with Smilar uncertainty in the
results. The rotating vane anemometer
procedure was shown to produce
estimates of volume flow rete & coill
faces with plus or minus7%. The
procedureisvaid in aveocity range of
100 to 1100 fpm, and upstream
disturbances such as dbows, partidly
blocked coils, dampers, and fan blasts
had virtudly no effect on the accuracy of
using the K-factor procedure aslong as
the measured vel ocities were positive
and rdlatively uniform.

KEYWORDS airflow, measurement
technique, anemometer



#NO 4835 M easurement of airflow in
HVAC systems using tracer-gas
techniques.

AUTHOR Riffat S B, Holmes M
BIBINF UK, AlVC 11th Conference,
"Ventilation Sysem Performance”, held
18-21 September 1990, Belgirate, Italy,
Proceedings published March 1990,
Volume 1, pp 195-214, 10figs, 3refs. in
English

ABSTRACT This paper describes the
use of tracer-gas techniques to measure
arflow in arectangular duct and a
HVAC system. Experimenta procedures
are discussed for the application of the
congtant injection, pulse injection and
decay techniques usng N20 andSF6 as
tracer gases. This paper aso describes a
new tracer-gas sysem with variable
sampling speed which was used to
measure the decay of tracer-gas
concentration. A comparisonis
presented between tracer-gas
measurements and those made with a
pitot tube and a hot wire anemometer.
KEYWORDS arflow, ar conditioning,
tracer gas

#NO 5146 Perfor mance testing of
HVAC systems using tracer gas
techniques.

AUTHOR Cheong K W, Riffat SB
BIBINF UK, Loughborough University
of Technology, Civil Engineering, 1991.
in English

ABSTRACT The congtant-injection and
pulse-injection techniques were used to
messure arflow in aduct and small-
scae HVAC system. Tracer-gas
measurements were compared with
measurements made using a pitot-tube.
The concentration of SF6 tracer gas,
velocity and dtatic pressure digtributions
were messured in the duct and HVAC
system for various Reynolds numbers.
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Results indicated thet the flow rate
obtained usng the pulse-injection
technique isin closer agreement with
va ues obtained using the pitot-tube than
results obtained using the congtant-
injection technique. This paper aso
describes the development of atracer-
gas sysem which has high-sampling
frequency and could be used for
measurement of arflow in HVAC
systems.

KEYWORDS performance testing,
tracer gas, ar conditioning

#NO 5266 PFT measurementsin
ventilation ducts.

AUTHOR Sateri J

BIBINF UK, AIVC 12th Conference,
"Air Movement and Ventilation Control
within Buildings', held 24-27 September
1991, Ottawa, Canada, proceedings
published September 1991, Volume 1,
pp 375-386. in English

ABSTRACT The passive
perfluorocarbon method (PFT-method)
has been successfully applied in
ventilation measurementsin rooms. The
method is, in principle, dso applicable to
arflow measurementsin ventilation
ducts. There are, however, severd
problemsin applying a passive sampling
technique in aduct. Firg, the
concentration of the tracer may not be
uniform through the cross-section of a
duct. Second, the velocitiesin aduct are
normally an order of magnitude higher
than in aroom. Third, the orientation of
the sampler in respect to the flow may
affect the uptake rate. This study
concentrated on the solution of these
three problems. The velocity of theair in
aduct had sgnificant effect on the
uptake rate of the sampler. The
magnitude of the effect wasin order of
an 11-16% increase for each 1 m/s
increase in nomind velocity. This



indicated that the passive PFT-technique
should not be used without correction for
uptake rate in duct measurements. More
studies are needed in order to establish
this correction. The deviations between
samplers were found to be higher ina
duct than in atest room. This means that
the location of the samplers should be
chosen carefully. A good firgt estimate
would be the locations proposed by
severd standards for air velocity
measurements. The orientation of the
sampler had only asmall effect on the
uptake rate. It was found that the
samplers shoud not be placed with their
open end againg the flow.
KEYWORDS perfluorocarbon, tracer
gas measurements, duct

#NO 5296 M easurement of the
entrance length and friction factor of
ductsusing tracer gastechniques.
AUTHOR Riffat S, Cheong K, Holmes
M

BIBINF UK, AlVC 12th Conference,
"Air Movement and Ventilation Control
within Buildings', held 24-27 September
1991, Ottawa, Canada, proceedings
published September 1991, Volume 2,
pp 321-334. in English

ABSTRACT We describe the use of
constant injection and pulseinjection
techniques for measurement of airflow

in aduct. Tracer-gas measurements were
compared with measurements made
using a pitot tube and a hot-wire
anemometer. Tracer-gas concentration,
ar veocity and pressure distribution
were measured at various distances from
the duct wall and inlet. An empirica
equation was obtained for the entrance
length required to achieve fully-
developed turbulent flow and this was
compared with measurements made
using a pitot tube and hot-wire
anemometer. We present ardationship
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for the friction-factor and Reynolds
number derived from tracer-gas
measurements.

KEYWORDS duct, tracer gas,
measurement technique

#NO 5689 Perfor mance heating of
HVAC systemsusing tracer gas
techniques.

AUTHOR Cheong K W, Riffat SB
BIBINF UK, Loughborough University
of Technology, Dept of Civil
Engineering, [1992], 16pp. in English
ABSTRACT The congtant-injection and
pulse-injection techniques were used to
measure arflow in aduct and small-
scade HVAC system. Tracer-gas
measurements were compared with
measurements made using a pitot-tube.
The concentration of SF6 tracer gas,
veocity and Stetic pressure digtributions
were messured in the duct and HVAC
system for various Reynolds numbers.
Results indicated thet the flow rate
obtained using the pulse-injection
techniqueisin closer agreement with
va ues obtained using the pitot-tube than
results obtained using the congtant-
injection technique. This paper aso
describes the development of atracer-
gas system which has high-sampling
frequency and could be used for
measurement of arflow in HVAC
systems.

KEYWORDS air-conditioning, tracer
gas messurements, duct, sulphur
hexafluoride

#NO 5690 Balancing airflow in HVAC
systemsusing tracer gastechniques.
AUTHOR Riffat SB

BIBINF UK, University of Nottingham,
Dept of Architecture and Planning, April
1992, 14pp, 9 figs, Stabs, 1 ref. in

English



ABSTRACT The present study
describes new equipment which could be
used to balance HVAC systems. The
equipment alows the congtant-injection
tracer gas technique to be employed and
has the following advantages over
exiging baancing methods: i) It is
ampleto use and dlows HVAC systems
to be balanced in ashort period, ii) It can
be used to measure arflow ratesin
HVAC systems directly and does not
require determination of the cross-
sectiond areas of ducts or velocity
profiles, iii) It can be used to provide
accurate measurement of arflow over a
widerange of air velocities, iv) It can be
used to measure airflow in ducts of
different 9zes, shgpes and lengths and
does not require along measuring duct
for the establishment of fully-developed
flow.

KEYWORDS air conditioning, tracer
gas measurements, instrumentation

#NO 5698 Tracer gastechniquesfor

determination of velocity pressureloss

factorsfor duct fittings.

AUTHOR Riffat SB, Cheong K W
BIBINF UK, Loughborough University
of Technology, Dept of Civil
Engineering, [1992], 16pp. in English
ABSTRACT Thisinvedigation is
concerned with the determination of
velocity pressure loss-factors (k-factors)
for duct fittings. The constant-injection
tracer-gas technique was used to
measure airflow through the components
of agmdl-scde HVAC system. Tracer-
gas messurements were compared with
measurements made using a pitot tube,
The concentration of SF6 tracer gas,
velocity and static pressures in duct
fittings were messured for various
Reynolds numbers. Results indicated
that the k-factors estimated using the
pitot stetic traverse method were
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generdly higher than those obtained
using the tracer-gas technique. The
estimated k-factors were compared with
data published in the CIBSE Guide and
ASHRAE Handbook.

KEYWORDS tracer gas measurements,
duct

#NO 5846 Assessment of ventilation
and air quality in alibrary building.
AUTHOR Cheong K W, Riffat SB
BIBINF UK, University of Nottingham,
School of Architecture, 9 figs, 9 refs. in
English

ABSTRACT Measurements of airflow
were carried out in alibrary building.
The congant-injection and pulse-
injection tracer-gas techniques were used
to measure arflow in ar handling units
and estimates flow rates supplied to each
floor. Tracer-gas measurements were
compared with measurements made
using a pitot-tube. Air exchangerate,
vertilation efficiency and age of air were
examined. The concentrations of carbon
dioxide (CO2), carbon monoxide (CO),
formadehyde (HCHO) and dust
particles were monitored. In addition, a
questionnaire was completed by library
gtaff and usersin order to provide a
subjective assessment of indoor air
qudity.

KEYWORDS indoor ar quality, library,
tracer gas, airflow, occupant reaction

#NO 6005 A new method for
determination of velocity pressure
loss-factorsfor HVAC system
components

AUTHOR Cheong K W, Riffat SB
BIBINF UK, Air Infiltration and
Ventilation Centre, 13th AIVC
Conference, proceedings, held Hotel
Plaza Concorde, Nice, France, 15-18
September 1992. in English



ABSTRACT Thisinvegtigdion is
concerned with the determination of
velocity pressure loss-factors for HVAC
System components using tracer-gas
techniques. Experimental work was
caried out usng an HVAC system and
k-factors for various components such as
bends, branches, contractions,
expansons and orifice were determined.
Results were compared with
measurements made using a pitot tube
and vaues given in the CIBSE Guide
and ASHRAE Handbook. The
performance of different types of filters
used in HVAC sysemswas dso
examined. The congtant-injection tracer
gas technique was used to develop
correlations between the pressure drop
and face velocity of a synthetic-fibre
filter, bag filter and glass-fibre filter.
Results were compared with data
obtained using traditiond

ingrumentation.

KEYWORDS air conditioning, tracer
gas, indrumentation

#NO 6377 A study of ventilation
measurement in an office building.
AUTHOR DolsW S, Persily A K
BIBINF USA, Nationd Inst of Standards
and Technology, NISTIR 4905, October
1992, 42pp, 11 figs, 10 tabs, refs. in
English

ABSTRACT The Nationd Indtitute of
Standards and Technology has
conducted a study of ventilation and
ventilation measurement techniquesin

the Bonneville Power Adminigration
(BPA) Building in Portland, Oregon.

The project involved the comparison of
outdoor air ventilation measurement
techniques for relative accuracies and an
examingtion of changesin building
ventilaion rates over time. The

following measurement techniques were
compared: tracer gas decay
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measurements of whole building ar
change rates, the determination of air
change rates based on peak carbon
dioxide (CO2) concentrations, the
determination of percent outdoor air
intake using tracer gas (sulfur
hexafluoride and occupant-generated
CO2), and direct airflow rate
measurements within the air handling
system. In addition, air change rate
measurements made with an automated
tracer gas decay system gpproximately
three years apart were compared. The
magor findings of the sudy are as
follows. Airflow rates were measured in
the ar handling system ductwork using
pitot tube, hot-wire anemometer, and
vane anemometer traverses, and good
agreement was obtained between the
different techniques. While accurate
determinations of percent outdoor air
intake were achieved using tracer gas
techniques, the use of CO2 detector
tubes yielded unrdiable results. Reliable
determinations of ventilation rates per
person were made based on SF6 decay
and direct airflow rate measurements but
the use of peak CO2 concentrations led
to inaccuracies, i.e., the over prediction
of ventilation rates by as much as 100%.
The measured vaues of the whole
building air change rates, and their
dependence on outdoor air temperature,
did not change significantly over athree-
year period. The minimum ar change
rates were above the building design
vaue and ASHRAE Standard 62-1981,
the standard on which the design was
based, but the minimum rates were

bel ow the minimum recommendation
given in Standard 62-1989. The whole
building ar change rate under minimum
outdoor intake conditions was
determined to be twice the outdoor air
intake rate provided by the minimum
outdoor air intake fans. The additiona



ar change under minimum outdoor ar
intake conditions was due primarily to
leakage through the main outdoor air
intake dampers.

KEYWORDS ventilation rate,
measurement technique, office building,
outdoor ar

#NO 7051 Development of a New
Tracer-Gas Sampling System For
Measuring Airflow in Ducts.
AUTHOR Cheong K.W., Riffat SB.
BIBINF UK, Air Infiltration and
Ventilation Centre, 14th AIVC
Conference, "Energy Impact of
Vertilation and Air Infiltration”, held
Copenhagen, Denmark, 21-23
September 1993, proceedings, pp407-
420., in English

ABSTRACT This paper is concerned
with the measurement of airflow in ducts
using an active (pumped) sampling
system. The system is capable of
sampling tracer gases using ether tubes
packed with adsorbent or sample bags. A
perfluorocarbon tracer (PFT) was
injected into the ducts using
thermodtatically-controlled heating
blocks. The samples were collected and
andysed using atherma desorber/gas
andyzer system. Laboratory and field
testing of airflow in ducts was carried
out. A large office building was studied
for measurements of ventiltion rate,
ventilation efficiency and ar qudity. A
guestionnaire was a so completed by
office saff in order to assess air quaity
and thermal comfort.

#NO 7468 A measurement technique
guide on the application of tracer gas
techniquesfor measuring airflow in
HVAC systems.

AUTHOR Cheong K W, Riffat SB.
BIBINF UK, Universty of Nottingham,
School of Architecture, Building
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Technology group, (pre print) 1994,
137pp, 73 figs, 21 tabs, 42 refs. in
English

ABSTRACT This handbook describes
the use of tracer-gas techniques for
measurement of arflow in ducts. Initid
measurements were carried out in the
|aboratory to examine the accuracy of
these techniques. The mixing of tracer
gases (eg, sulphur hexafluoride, SF6) in
ducts of various shapes and sizes was
examined using different types of tracer
injector. Airflow estimated using tracer-
gas techniques (e.g. congtant-injection,
pulse-injection) was compared with
measurements made with traditional
indrumentation such as pitot-tubes and
hot-wire anemometers. Work aso
involved the development of tracer-gas
equipment for balancing arflow in
HVAC systems. This equipment was
used to balance airflow in asmadl-scae
HVAC system. Research dso involved
the development of a perfluorocarbon
(PFT) tracer-gas sampling system. The
PFT was injected usng a
thermogtaticaly-controlled injection unit
and a fagt-response sampling system,
using stainless sted tubes packed with
adsorbent, was employed to collect
tracer gas samples. The samples were
andysed in the laboratory using a
therma desorber and gas monitor. The
PFT system was tested successfully in
the laboratory. Airflow measurements
were carried out in the HVAC system of
an office building usng tracer-gas
techniques and the new PFT technique.
Tracer-gas techniques were used in other
goplications including measurement of
arflow through a porous mediumin a
rectangular duct and determination of
the ar-tightness of ductwork.
KEYWORDS Measurement technique,
tracer gas, arflow, air conditioning.



#NO 7891 Application of tracer gas
techniques for measurement of
friction-factors of rectangular ducts.
AUTHOR Cheong K W, Riffat SB
BIBINF UK, Air Infiltration Review,
Vol 13, No 4, September 1992, pp 10-
11, 1fig, 1 tab, 1 ref. in English
ABSTRACT Thiswork examinesthe
application of the congtant-injection and
pulse-injection tracer gas techniques for
measurement of arflow in rectangular
ducts. Experiments were carried out in
ducts with aspect ratios of 1,2, and 4.
Tracer gas measurements were generally
amilar to measurements made using a
pitot tube. Relationships for the friction-
factor and hydrodynamic entrance length
are presented for Reynolds number
between 73,300 and 395,000.
KEYWORDS tracer gas, duct

#NO 8678 Computational and
experimental study of pressure losses
in duct transtions.

AUTHOR Gan G, Riffat SB.

BIBINF UK, University of Nottingham,
Ingtitute of Building Technology, 1995,
21 pp, 9figs, refs.

ABSTRACT This paper is concerned
with numerica prediction and
experimental measurement of airflow
and pressure distribution in rectangular
ducts with trangtions. The congtant-
injection tracer-gas technique was used
to measure mean air velocity in the
ducts. Pressure digtribution along the
ducts was measured using static pressure
taps. The pressure loss coefficient was
calculated from the measured pressure
lossand air velocity. Computationd
fluid dynamics was used to predict
arflow and pressure digribution in the
ducts. The predicted pressure loss
coefficient was in good agreement with
experimenta results for aduct with a
contraction.
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KEYWORDS computationd fluid
dynamics, duct, pressure coefficient,
tracer ges.

#NO 12975 Error analysis of
measurement and control techniques
of outsideair intakeratesin VAV
systems.

AUTHOR Krarti M, Brandemuehl M J,
Schroeder CC

BIBINF in: ASHRAE Annud Mesting
2000, proceedings of a conference held
Minnegpolis, USA, June 24-28, 2000.
ABSTRACT The results of the error
andysisindicated that control strategies
using direct airflow measurement from
either an averaging Fitot-tube array or an
electronic therma anemometry provided
the best ventilation control. The results
show that the use of the temperature

bal ance technique to caculate the
outsde air intake is not adequate under
common building operating condiitions.
The use of afixed minimum outsde ar
damper pogtion or avolumetric fan
tracking control strategy both proved to
be inadequate control techniques for
mantaining minimum ventilation rates
invaiablear volume.

KEYWORDS measurement technique,
temperature, airflow

#NO 12976 Experimental analysis of
measurement and control techniques
of outside air intakeratesin VAV
systems.

AUTHOR Krarti M, Schroeder C C,
Jeanette E, Brandemuehl M J

BIBINF in: ASHRAE Annua Mesting
2000, proceedings of a conference held
Minnegpolis, USA, June 24-28, 2000.
ABSTRACT This paper presents the
results of an experimenta evauation of
four airflow measurement techniques
and sx control techniques used for
maintaining minimum outsde air intake



ratesin varidble air volume (VAV)
systems. The experimentd testing was
conducted in a controllable environment
using a laboratory equipped with afull-
gze HVAC system. The experimentd
Study indicated that control sirategies
using the direct measurement of the
outsde arflow from an averaging Fitot-
tube array or an eectronic thermal
anemometer provided the best
ventilation contral.

KEYWORDS measurement technique,
ar conditioning

ASHRAE Standard 120P, M ethods of
Testing to Determine Flow Resistance

of HVAC Dir Ducts and Fittings
AUTHORS ASHRAE

BIBINF ASHRAE, December 1995
ABSTRACT This standard establishes
uniform methods of laboratory testing of
HVAC ducts and fittings to determine
their resstance to airflow

6.3 Airflow through Air Terminal
Devices

Evaluation of flow hood
measurementsfor residential register
flows

AUTHOR Wadker, 1.S., Wray, C.P.,
Dickerhoff, D.J., and Sherman, M.H.
BIBINF Lawrence Berkeley National
Laboratory publication: LBNL-47382
2001.

ABSTRACT Flow measurement at
resdentid registers usng flow hoodsis
becoming more common. These
measurements are used to determine if
the HVAC system is providing adequate
comfort, appropriate flow over heat
exchangers and in estimates of system
energy losses. These HVAC system
performance metrics are determined by
using register measurements to find out

if individuad rooms are getting the

m

correct airflow, and in estimates of tota
ar handler flow and duct ar leskage.
The work discussed in this paper shows
that commercidly available flow hoods
are poor at messuring flowsin

resdentia sysems. Thereisadso
evidence in this and other studies that
flow hoods can have dgnificant errors
even when used on the non-residentia
systems they were origindly developed
for. The measurement uncertainties arise
from poor cdibrations and the sensitivity
of exiting flow hoods to non-uniformity
of flows entering the device. The errors
are usudly large— on the order of 20%
of measured flow, which is unacceptably
high for most gpplications. Active flow
hoods that have flow measurement
devicesthat are insengtiveto the
entering airflow pattern were found to be
clearly superior to commercialy
available flow hoods. In addition, itis
clear that current cdibration procedures
for flow hoods may not take into account
any fied gpplication problems and anew
flow hood measurement standard should
be developed to address thisissue.

#NO 2751 The contaminant
digribution in a ventilated room with
different air terminal devices.
AUTHOR Heisdlberg P, Nidsen PV
BIBINF Indtitute of Building
Technology and Structura Engineering,
Adborg Univergty, Denmark, August
1987, 14p, 9figs, 8 refs. in English
ABSTRACT The room ventilation is
investigated for three different air
termina devices under isothermd
conditions. Veocity digribution in the
occupied zone is measured for each air
termind device a different air exchange
rates. The maximum ar exchangerateis
determined on the basis of both the
throw of the jets and the comfort
requirements applied to measured air



veodties in the occupied zone.
Normalised concentration distribution in
the test room is determined dong a
verticd line through the middle of the
room as afunction of the air exchange
rate and the dengity of the tracer gas.
The reative ventilation efficiency, based
on the room average concentration is
aso determined as afunction of the air
exchange rate and the dengty of the
tracer gas. The influence from the
position of the return opening on the
relative ventilation efficiency isfound
for oneair termina device.
KEYWORDS pollutant, air change rate,
tracer gas, ventilation efficiency,
ingrument

#NO 3146 Flow conditionsin a
mechanically ventilated room with a
convective heat sour ce.

AUTHOR Heisdlberg P, Nidsen PV
BIBINF in: "Effective Ventilaion", 9th
AIVC Conference, Gent, Belgium, 12-
15 September, 1988. in English
ABSTRACT The ventilation of atest
room (LXWxH = 5.4x3.6x2.4m) with a
wall mounted heat source isinvestigated
for two different air termind devices.
The properties of each air termind
device are described by measuring the
velocity decay of the primary wal jet
below the celling. The velocity
digtribution in the plume above the hest
source has been measured at different
heat loads as a function of the distance to
the wall and the distance to the heat
source. The measurements have led to an
edimete of the maximum veloaity in the
plume and of the volume flow rate as a
function of the heat load and the distance
to the heat source. In order to find the
influence of the convective heat source
on the flow conditionsin the room, the
veocity digtribution in the occupied

zone and the normdized concentration

digribution dong a vertica line through
the middle of the room has been
determined as a function of the specific
flow rate and the heat load. The
convective heat sourceisfound to have
sgnificant influence on the flow
conditionsin the room. This paper
shows lower velocitiesin the occupied
zone and amore uniform concentration
digribution in the room.

KEYWORDS airflow, mechanica
ventilaion, convection heating,
mathematica modding

#NO 13314 Temperature and velocity
measur ementson a diffuser for
displacement ventilation with whole
field methods.

AUTHOR Linden E, Cehlin M,
Sandberg M

BIBINF UK, Oxford, Elsevier, 2000,
proceedings of Roomvent 2000, "Air
Didribution in Rooms: Vernttilation for
Hedth and Sugtainable Environment”,
held 9-12 July 2000, Reading, UK,
Volume 1, pp 491-496, 4 figs, refs.
ABSTRACT In this study the
instantaneous temperatures and
velocities close to adiffuser for
displacement ventilation have been
recorded using whole-fed measuring
techniques. The air temperatures were
measured indirectly by the use of alow
therma mass screen in conjunction with
infrared thermography. The measuring
screen was mounted pardld to the
arflow, acting as atarget screen. By
using the thermd images the Sze of the
near zone was aso calculated. To
determine ar movements awhole fied
method called particle streak
velocimetry (PSV) was used. Images of
tracks created by small, low-dengty
particles, suspended in the air, were
andyzed usng computerized image
processing to obtain the velocities. The



experiment took placein aclimate
chamber in which thewadl and ar
temperatures were controlled. The
diffuser was located in the centre of one
of the walls. The tests were conducted
for asupply flow of 151/sand a
temperature difference between the inlet
ar and theroom air of 40C and of 60C.
This paper dedls with the results
obtained from the two whole-fidd
measurement methods. The results show
that the two whole-field measurement
methods can be good tools for
visudizing and measuring ar velodities
and temperaturesin rooms. These
techniques could be used in the work of
improving the indoor dimate.
KEYWORDS Indoor climate, whole
fiedld measurement methods, air velocity,
ar temperaure, digital infrared camera,
temperatures, diffuser, displacement
ventilation, infrared thermography, 2D
particle streak velocimetry (PSV), digita
pictures, particle tracking.

6.4 Airflow through Fans, Heat
Exchangers and Fresh Air
Inlets

#NO 1204 Methodsfor the
measurement of airflow ratesin
ventilation systems.

Metoder for matning av luftloden i
ventilationsingtallationer.
AUTHOR The Nordic Ventilation
Group

BIBINF Publication T32:1982 Swedish
Council for Building Research 1982 in
Swedish

ABSTRACT Describes methods for
measuring arflow rates and air
velodtiesin buildings, with the am of
formulating identical rules within the
Nordic countries for the ingpection and
adjusment of ventilation sysems.
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KEYWORDS airflow, ventilation,
measurement technique

#NO 4070 Field measurements of air
velocity: pitot traverse or vane
anemometer ?

AUTHOR Howel RH, Sauer H J
BIBINF USA, Ashrae J, March 1990,
pp46-52, 4 figs, refs in English
ABSTRACT A rotating vane
anemometer at a downstream coil face
can provide the same accuracy asan in-
duct pitot tube traverse.

KEYWORDS air velocity, anemometer,
measurement technique

#NO 4115 Airflow rate through a heat
exchanger coil: comparison of
measur ements made with arotating
vane-anemometer and a tracer-gas
technique.

AUTHOR Riffa SB

BIBINF UK, Loughborough University
of Technology, Dept of Civil
Engineering, Building Services Group,

to be published in Applied Energy,
[1990], 11 pp, 2figs, 4 refs. in English
ABSTRACT Thiswork compares
measurements of airflow rate through a
heat-exchanger coil made with arotating
vane-anemometer and a tracer-gas
technique. The two sets of measurements
were generdly in good agreement. The
tracer-gas technique was found to be
ampler to use in practice and has
additiond advantages asit does not
require detailed specification of the coil
or actud dengty of air.

KEYWORDS airflow, heat exchanger,
tracer gas, measurement technique

#NO 4799 Airflow measurements at
coil faceswith vane anemometers.
statistical correlation and
recommended field measurement
procedure.



AUTHOR Sauer H J, Howell R H
BIBINF USA, ASHRAE Transactions,
Vol 96, Part 1, 1990, pp 502-511, 15
figs, refs. in English

ABSTRACT A procedure for measuring
the volume flow rate of air through a
heeting or cooling cail is presented.
When apitot-tube traverse isimpossble
or impractica, the rotating vane
anemometer procedure described and
verified here will provide volume flow
rates with Smilar uncertainty in the
results. The rotating vane anemometer
procedure was shown to produce
estimates of volume flow rate & coill
faces with plus or minus 7%. The
procedureisvaid in aveocity range of
100 to 1100 fpm, and upstream
disturbances such as dbows, partidly
blocked coils, dampers, and fan blasts
had virtudly no effect on the accuracy of
using the K-factor procedure aslong as
the measured vel ocities were positive
and rdatively uniform.

KEYWORDS airflow, messurement
technique, anemometer

#NO 4835 M easurement of airflow in
HVAC systems using tracer-gas
techniques.

AUTHOR Riffat S B, Holmes M
BIBINF UK, AlVC 11th Conference,
"Ventilation System Performance’, held
18-21 September 1990, Belgirate, Italy,
Proceedings published March 1990,
Volume 1, pp 195-214, 10 figs, 3refs. in
English

ABSTRACT This paper describes the
use of tracer-gas techniques to measure
arflow in arectangular duct and a
HVAC system. Experimenta procedures
are discussed for the gpplication of the
congtant injection, pulse injection and
decay techniques using N20 andSF6 as
tracer gases. This paper also describesa
new tracer-gas sysem with varigble
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sampling speed that was used to measure
the decay of tracer-gas concentration. A
comparison is presented between tracer-
gas measurements and those made with a
pitot tube and a hot wire anemometer.
KEYWORDS arflow, ar conditioning,
tracer gas

#NO 5146 Perfor mance testing of
HVAC systemsusing tracer gas
techniques.

AUTHOR Cheong K W, Riffat SB
BIBINF UK, Loughborough University
of Technology, Civil Engineering, 1991.
in English

ABSTRACT The congtant-injection and
pulse-injection techniques were used to
messure arflow in aduct and small-
scae HVAC system. Tracer-gas
measurements were compared with
measurements made using a pitot-tube.
The concentration of SF6 tracer gas,
velocity and gtatic pressure didtributions
were measured in the duct and HVAC
system for various Reynolds numbers.
Results indicated thet the flow rate
obtained using the pulse-injection
techniqueisin closer agreement with
vaues obtained using the pitot-tube than
results obtained using the congtant-
injection technique. This paper dso
describes the development of a tracer-
gas system that has high-sampling
frequency and could be used for
mesasurement of arflow in HVAC
gystems.

KEYWORDS performance testing,
tracer gas, ar conditioning

#NO 13774 The use of rotating vane
anemometersto measureinlet grille
velocities.

AUTHOR Saunders J, Johnson A,
Fletcher B

BIBINF in: "Progressin Modern
Ventilation", Proceedings of Ventilation



2000, Volume 2, proceedings of the 6th
International Symposium on Ventilaion
for Contaminant Control, held Helsinki,
Finland, 4-7 June 2000, Finnish Inditute
of Occupationd Hedth, Helsinki,
Finland, 2000, pp 204-207, 3figs, 1 tab,
1 ref.

ABSTRACT The vane anemometer is
often used to make measurements on
fume cupboards, booths and at inlet and
outlet grilles to measure velocities and
caculate volume flow rates. However,
itsuse a grilles presents aproblemin
that because of the nature of the flow,
especidly a inlet grilles, the veocity
indicated by the anemometer is not the
true velocity. Air emerges from the
grillesinan aray of jetsand it isfound
that the effect of thisis to make the
insrument over-read. In the case of
grilles under pressure (i.e, inlets), the
range of gpplicability of correction
factors supplied by the ACGIH manua
isvery limited, especidly in rlation to
the open areq, i.e., 70% open area or
gregter. Many grilles, especidly a ar
inlets, but aso on bencheswith
perforated inlet and exhaust surfaces,
can have open areas consderably less
than 70%. No advice is given for
rotating vane anemometers. An
investigation was carried out a the UK
Hedlth and Safety Laboratory to identify
the problemsin the use of vanes at inlet
grilles and to determine the likely
correction factors for awide range of
mesh geometries and open aress.
Concludes that vane anemometers used
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a inlet grilles with open areasless than
80% over-read. Asthe open area
decreases, the percentage speed over-
read increases. For grilles of equa open
area and the same perforation shape, the
gze and/or spacing of the holes effects
the variation of air speed with distance
from the grille. The grille perforation
hole shape affects the over-read.
KEYWORDS instrumentation,
anemomder, inlet grille

Development of a Simple Device for
Field Airflow M easurement of
Resdential Air Handling Equipment,
Phase| and Phasell

AUTHOR Larry Pamiter and Paul
Francisco

BIBINF Ecotope Fina Report for DOE,
June 2000

ABSTRACT Thisreport presents the
results of the development of anew, fast
and accurate device for measuring the
arflow through aresdentia ar handler.
The deviceisacdibrated plate that can
be inserted into afilter dot in place of
thefilter. The pressure drop acrossthe
plate is measured and entered into a
smple discharge coefficient equation to
estimate the flow rate. This project was
donein two phases. Thefirg portion was
aproof of concept phasein which the
god was an accuracy of £10% of the
actua flow. The second phase was for
refinement of the design to improve
manufacturability and ease-of-use and to
test the device in avariety of sysemsin
actua homes



